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ERRATA. 

Page  20,  2d  lino  of  foot-note,  for  cellular,  etc.,  read  cellular  or,  etc. 
^    J24,  line  16,  for  represent,  read  present 

24,  lines  3  and  10  from  bottom,  for  Cacteria,  read  bacteria. 
62,  line  31,  for  nassiform,  read  napifom. 
62,  line  33,  for  -petaled,  read  -petioled. 
80,  line  8  from  bottom,  tor  1860,  read  1869. 
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^  205,  lines  6  and  7,  the  proportion  of  nitre  referred  to  is  that  of  Jused  nitre. 
^  327,  line  17  from  bottom,  for  two,  read  ten. 
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Art.  L— O/i  some  phenonieTia  of  Binocular  Vismi  ;*  by  Joseph 
LeConte,  Pro£  of  Geol.  and  Nat.  Hist,  Univ.  of  California 

V.    Stereoscopic  phenomena. 

It  is  a  familiar  fact  that  in  stereoscopic  pictures,  properly 
niountal,  identical  points  in  the  foregrounds  of  the  two  pictures 
'*^^  always  a  little  nearer  together  than  identical  points  in  the 
backgrounds.  With  a  pair  of  compasses  we  can,  by  this  means, 
^ily  test  whether  or  not  pictures  are  properly  mounted.  It  is 
evident  therefore  that  it  requires  greater  optic  convergence  to 
^Qite  the  foregrounds  than  the  backgrounds  of  the  two  pict- 
^^[^.  It  is  also  evident  that  we  cannot  at  the  same  time  and 
^ith  the  same  convergence  unite  all  parts  of  the  pictures.  When 
^'bjectvS  in  the  foreground  are  united,  objects  in  the  background 
pe seen  double,  the  images  being  homonymous;  when  objects 
^^  the  background  are  united,  then  objects  in  the  foreground 
?re  seen  double,  the  images  being  heteronymous ;  when  objects 
in  the  middle  ground  are  united,  then  both  fore  and  back- 
cfound  are  doubled  but  in  different  directions.  In  looking  at 
pictures  in  a  stereoscope,  therefore,  the  eyes  range  rapidly  from 
^^^  to  backgroimd  and  vice  versa,  uniting  the  objects  succes- 
sively, and  finding  the  visual  phenomena  precisely  similar  in 
^1  respects  to  natural  vision  of  near  and  distant  objects,  instinc- 
tively introduces  the  idea  of  depth  of  space.  Or  even  looking 
^^Uy  at  any  point,  say  in  the  middle  ground,  the  depth  of 
space  is  still  perceived,  as  in  nature  under  similar  circumstances, 
^nd  for  the  same  reason,  viz :  that  the  eye  or  the  mind,  instinc- 

Porthe  preceding  articles  on  this  subject,  see  II,  xlvii,  08,  163,  and  III,  1,  33. 
Am.  Joub,  Sci.— Third  Sbbibs,  Vol.  II,  No.  7.— Jui-y,  1871. 
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tively  distinguishes  between  homonymous  and  heteronymous  imag^ 
referring  the  one  to  a  position  beyond^  and  the  other  to  a  positi< 
on  tliis  side  the  poijit  erf  sigiit 

This  last  point  fe  so'  important  in  the  theory  of  binocul 
perspective,  oxti  so  at  variance  with  the  accepted  view  on  tl 
sui«je<;t  that  I  must  dwell  upon  it  a  moment     It  is  now  gene 
ally  admitted  that  Wheatstone's  idea  of  a  contplete  mental  co] 
hitiation  of  dissimilar  pictures  or  images  is  not  true^  either 
stereoscopic  experiments  or  in  natural  vision  ;*  but  the  theo 
which  has  displaced  Wheatstone's,  and  which  is  now  general 
held,  though  certainly  time,  is,  I  believe,  still  imperfect     Accoi 
ing  to  Briicke,  Brewster,  Prevost  and  others,  the  highest  a 
thorities  on  this  subject,  binocular  perspective  is  wholly  t 
result  of  rapid  changes  of  convergence,  or  what  I  have  calL 
ranging  of  the  eyes  back  and  forth  from  foreground  to  bac 
ground  and  vice  versa,\     I  think,  however,  close  attention 
our  visual  perceptions  will  confirm  the  popular  notion  th 
ive  distinctly  perceive  deptfi  of  space  or  the  relative  distance  of  c 
jects  while  gazing  steadily  ai  one  pointy  even  in  those  cases 
which  we  are  unassisted  in  our  judgment  by  any  other  form 
perspective.     This  is  accounted  for  on  the  principle  just  a 
nounced,  viz:  that  the  eye  instinctively  distinguishes  betwe< 
homonymous  and  heteronymous  images,  referring  the  former 
objects  beyond  and  the  latter  to  objects  on  tfiis  side  the  point 
sight,  or  in  other  words,  each  eye  knows  its  own  images.     It 
true  we  are  not  usually  conscious  of  making  this  distinctioi 
but  the  same  is  true  of  the  rapid  changes  of  convergence  an 
many  other  visual  phenomena  upon  which  judgments  are  base 
The  observation  of  Dove  mentioned  by  Clapar^de:]:  that  stere< 
scopic  relief  is  distinctly  perceived  b}'  the  light  of  an  electr 
spark,  and  the  undeniable  fact  that  such  relief  is  distinct! 

Cerceived  by  t?ie  light  of  a  flash  of  lightning,  cannot  be  explains 
y  the  usual  theory.     According  to  Wheatstone's  well-know 
experiments  in  1835,  the  duration  of  an  electric  spark  from 
Ley  den  jar  is  ^^  Jir?r  ('000042)  of  a  second.  §     The  later  expei 

*  Mr.  Townes  in  the  elaborate  paper  "on  the  physiology  of  vision"  alrea* 
alluded  to  in  my  last  paper,  (III,  1,  33,)  devotes  much  time  and  many  experimer 
to  tlie  subversion  of  this  view,  under  the  impression  that  it  is  still  the  universal 
ac'cepted  view. 

f  See  an  adiniraV^le  review  of  the  whole  subject  by  Cluparede,  Bib.  Un 
Arc'liives  des  Sci.  Nonv.  Per.,  vol   iii,  ]>,  l.">8  ami  ^Q{{. 

\  ibid.  p.  15;'). 

^  I  ^ive  WlieatHtone's  result  on  the  aufliority  of  De  la  Hive,  (vol.  ii,  p.  \t 
trans.)  and  of  Da^^uin  (vol.  iii,  p.  r>lS.  trans.).  It  is  somewhat  remarkable  tli 
nearly   all    writers  on    physics   ^ive    Wheatstone's    result    ay  a    little  less     th 

j-,-j-^^^7y^  instead  of  o  Jo rm  *'^  ^^ ''*^*^^'^"'^-  l^rof  Rood  in  his  recent  admiral 
researches  on  this  subject  has  unfortiuiately  fallen  intx)  the  same  mistake.  T 
j^^ji.^^^  of  a  socontl  does  indee<l  occur  in  Wheatstone's  paper,  but  it  is  the  tii 
o^'cupied  l»y  the  electric  current   in    passing  fixnn  one  interruption  of  the  wire 
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ments  of  Fedderson  in  1858,  and  of  Prof.  O.  N.  Rood  in  1869, 
give  nearly  the  same  results ;  the  former  '00004  of  a  second, 
and  the  latter  from  000022  to  '000050*  depending  upon  the 
degree  of  the  charge  and  the  length  of  the  spark.  The  dura- 
tion of  a  flash  of  lightning,  acconling  to  Rood,t  is  about  ^  J^  of 
a  second  Now  it  is  obviously  impossible  that  in  -^ji^n  ^^ 
even  in  j  i  5  of  a  second  the  eye  can  change  its  convergence  so 
as  to  adapt  it  consecutively  to  single  visions  of  diflFerent  objects 
at  different  distances.  The  perception  of  stereoscopic  relief 
under  these  circumstances  is  therefore  inexplicable  on  any  other 
theory  than  that  which  I  proposa  The  true  theory  of  binocular 
})erspective  seems,  therefore,  to  be  this  :  the  eye,  even  when  fixed 
'"^tmaily  on  one  jyoint^  perceives  the  relative  distance  of  objects  by 
means  of  double  images^  as  already  explained  ;  but  Hi  is  perception 
«  made  much  clearer  by  t/ie  ranging  of  the  eyes  back  and  forth , 
uniting  successively  the  images  of  near  and  distant  objects. 

If  tne  pictures  on  ^  stereoscopic  card  be  reversed^  i.  e.  the 
right  picture  placed  on  the  left  side  and  the  left  picture  on  the 
right  side,  the  binocular  perspective  is  also  reversed^  the  objects  in 
the  foregrounds  being  seen  at  a  distance,  and  objects  in  the 
backgrounds  near  at  hand  ;  in  other  words,  the  foregrounds  of 
the  pictures  become  the  background  of  the  scene,  and  the  back- 
grounds of  the  pictures  the  foreground  of  the  scene.     The  rea- 
son is  obvious.     By  changing  the  pictures,  identical  points  in 
the  backgrounds  become  nearer  together  than  those  of  the  fore- 
grounds.    Thus  greater  optic  convergence  is  necessary  now  to 
combine  objects  in  the  backgrounds  of  the  pictures  than  in  the 
foregrounds,   and  therefore  by  the  principles  of  binocular  per- 
spective the  former  will  appear  nearer  than  the  latter.     These 
facts  are  illustrated  in  figs,  1  and  2,  in  which  S  S  is  the  septum 
<^f  the  stereoscope,  r  S  the  right  and  I JS  the  lefl  picture,  R  and  L 
the  right  and  left  eye,  N  the  nose,  aa  identical  points  in  the 
foregrounds,  bi:|:  identical  points  in  the  backgrounds  of  the 
rtght  and  left  pictures  respectively,  and  A  and  B  the  places 
behind,  where  aa  and  hb  are  seen.     Fig.  1  re])resents  the  result 
"^liere  the  pictures  are   properly  mounted,   and  fig.   2  when 
^versed.     By  comparing  the  two  figures  the  reverse  perspective 
^nd  its  cause  becomes  evident. 

This  inverse  perspective  was  long  ago  pointed  out  and  ex- 
plained by  Wheatstone,  and  stereoscopic  pictures  are  often  made 
expressly  to  exhibit  it  I  am  not  aware,  however,  that  any  one 
^as  drawn  attention  to  the  beautiful,  and  in   some    respects 

*w>ther — the  time  between  the  occurrence  of  the  sparks  and  not  the  duration  of  tlie 
vpuks;  it  IB  measured  by  the  arc  of  displacement  of  the  imap^  of  middle  spark, 
Jwtby  the  arc  of  elongation  of  the  images  of  the  sparks.  I  am  indebted  to  my 
^wottier  Prof.  John  Le  Conte  for  having  directed  mv  attention  to  tliis  mistake. 

*  This  Jour.,  11,  vol.  xlviii,  p.  163.     f  This  Jour*,  III,  vol.  i,  p.  15. 

t  The  italic  a  and  b  are  underlined  in  the  figures. 
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peculiar,  results  both  of  natural  and  inverse  perspective,  pro- 
duced 1  >y  the  combination  of  stereoscopic  pictures  with  the  naked 
eye  by  •sqvi})fin(j.  I  find  that  I  am  able  to  combine  stereoscopic 
{pictures  in  this  way,  quite  as  easily  or  even  more  easily  than 
witli  tlie  stereoscope.  The  results  by  this  mode  of  combmation 
diller  from  ordinary  stereoscopic  results  in  several  respects. 
1st.  In  combining  on  this  side  the  plane  of  the  pictures  by 
s(]uintin<^  the  riijht-eye  image  of  the  left  picture,  combines  with 
the  Icft-ejjc  iiniige  of  the  right  picture ;  while  in  combining 
/xrf/ond  the  plane  of  the  pictures  as  in  ordinary  stereascopic 
experiments,  it  is  the  right-eye  image  of  the  right  picture,  and 
the  left- eve  image  of  the  left  picture  which  combine  to  form 
the  binocular  result  This  is  evident  on  comparing  fig.  1  with 
lig.  8.  2cl.  Besides  the  binocular  result  there  are  of  course 
homonymous  monocular  pictures  on  the  right  and  left ;  while 
ill  the  stereoscope  these  monocular  pictures  (which,  however,  in 
this  case  would  be  heteronymous)  are  cut  off  by  the  septum. 
8(1.  The  binocular  result,  instead  of  being  magnified  as  m  the 
stereosc()i)e,  is  seen  in  exquisite  miniature  and  has  all  the  charm 
ol'  miniature  j)ictures.  4th.  The  depth  of  perspective  is  pro- 
])()rti()nally  less  than  in  combination  beyond  tne  card.  6th. 
The  pers])ective  is  always  the  reverse  of  that  given  by  the 
stere(>sc()i)e,  and  therefore,  in  order  to  produce  the  same  per- 
spective the  mounting  must  be  reversed. 

If  ordinary  stereoscopic  photographs  be  reversed  and  the 
])ictures  be  then  combined  witli  the  naked  eye  by  squinting, 
the  stere(jsc()pic  effect  is  as  perfect  as  can  be  imagined.  Minia- 
ture houses,  gardens,  lawns,  statuettes,  fountains,  &c.,  such  as 
Gulliver  might  have  seen  in  the  land  of  Lilliput,  are  presented 
In  perfcH  perspective,  I  have  often  amused  myself  by  changing 
the  mounting  of  stereoscopic  pictures  in  order  to  enjoy  the 
exquisite  elfect  Of  course  in  order  that  there  should  be  per- 
fect definition  of  the  objects,  there  must  be  complete  dissocia- 
tion oi'  the  focal  and  axial  adjustments,  as  already  explained  in 
my  lirst  paper.*  If  stereoscopic  pictures  are  combined  by 
S(|uinting  ivit/iont  reversing  the  mounting^  then  of  course  the 
pc/'spcffiff  is  rerersf'd.  These  facts  are  re]^resc]ited  by  figs. 
8  and  4.  Fig.  8  n^])rescnts  the  c(>nil)inati<)n  of  lore  and  l>ack- 
ground  when  tln^  mounting  is  suitable  lor  the  stereoscope.  By 
eoin])aring  this  witli  lig.  I,  the  rev(»rsal  of  tlu*  ])ei'S])ectivc  is 
o])vious.  Fig.  4,  i*ej)r(\<ents  tln.^  combination  of  lore  and  bnck- 
gmund  wlicn  the  mountinsr  is  clianL^e<l.  Ft  will  l)e  observed 
that  tlu;  ])ers])cctive  is  true. 

In  ('ond)ining  with  the  naked  eye  stereosco})ic  ])ictures 
mount <m1  in  the  usual  wav,  it  is  not  always  easv,  sometimes  it 

*  Tlii^  Jour..  II,  vol.  xlvii,  p.  <;s. 
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is  not  possible,  to  bring  out  the  inverse  perspective  distinctly. 
The  reason  is  that  it  violates  other  kinds  of  perspective,  and 
sometimes  sets  at  defiance  the  known  properties  of  bodies.     It 
is  most  distinct  when  other  kinds  of  perspective  are  least  dis- 
tinct   In  natural  vision  there  are  many  kinds  of  perspective, 
or  many  modes  of  judging  of  the  relative  distance  of  objects  ; 
viz.  nerud  perspective  or  increasing  dimness  with  increasing  dis- 
tance; mathematical  perspective  or  decreasing  size  with  increas- 
ing distance ;  change  of  focal  adjustment  necessary  for  distinct 
vision  of  near  and  distant  objects;  change  of  axial  adjust- 
ment necessary  for  single  vision  of  near  and  distant  objects. 
The  first  three  of  these  are  monocxdar^  the  last  is  binocular.     The 
painter  can  rive  only  the  fii-st  two.    The  stereoscope  gives  also 
the  last,  and  its  surprising  effects  are  due  to  this  cause.    In 
natural  vision  alone  all  kinds  concur.     Now  in  reversing  the 
binocular  perspective  we  do  not  affect  the  other  kinds.     There 
is  therefore,  a  discordance  between  this  and  the  other  kinds,  and 
when  they  exist  it  must  overpower  them.     This  it  cannot  do 
when  the  mathematical  perspective  is  strongly  marked.     Thus 
the  curious  effects  of  inverse  perspective  is  best  seen  when  the 
other  forms  of  perspective,  particularly  the  mathematical,  are 
least  marked.     It  is  impossible  to  see  it  in  cases  of  long  build- 
ings or  long  rows  of  buildings  taken  in  perspective.     In  such 
cases  the  mathematical  overpowers  the  binocular  perspective. 
But  in  buildings  and  grounds  seen  directly  in  front  it  is  very 
evident      I  now  combine  with   the  naked   eye  stereoscopic 
photographs,  taken  directly  in  front,  of  a  building,  the  profile 
outline  of  which  is  given  in  fig.  5  ;  as  soon  as  by  rectification 
of  the  focal  adjustment  the  image  becomes  clear,  the  inverse 
perroective  comes  out  distinctly  as  represented  in  fig.  6.     The 
'"Oofs  a  a  and  the  lawn  b  slope  away  downward  as  if  we  were 
looking  at  them  from  beneath.     They  are  transparent,  however, 
for  the  grass  on  the  lawn  stands  upright     The  column  c  is  seen 
t>eyond  the  house  as  if  through  a  transparency  or  as  if  the  wall 
of  the  building  was  wanting  in  that  part.     I  now  try  a  scene  in 
Xiombardy  taken  on  glass.     Viewed  in  the  stereoscope  a  village 
^  seen  in  the  distance  and  a  row  of  poplars  far  in  front  with 
tlieir  straight  trunks  projected  against  the  houses  of  the  village ; 
^mhined  by  squinting  the  villa/je  is  seen  in  front  and  the  tree^s 
through  the  houses  far  in  the  distance.     Next  I  try  stereoscopic 
pictures  of  the  full  moon.     In  the  stereoscope  it  is  egg-shaped 
'^ith  the  end  of  the  egg  toward  the  observer ;  combined  with 
the  naked  eye,  it  is  a  shallmv  concave  very  perfect  and  beautiful. 
In  a  picture  of  Paris  viewed  in  the  same  way,  the  mathematical 
perspective  is  entirely  overj)ow^cred  by  the  binocular  perspective, 
5ind  the  city  is  seen  sloping  away  downwards  as  if  seen  from 
heneath  through  a  transparent  ground,  but  with  the  smaller 
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houses  above  and  nearer,  and  the  larger  farther  away  in  the 
distance. 

On  combining  in  a  similar  manner  one  of  those  skeleton 
polyliedni  so  frequently  used  to  illustrate  stereoscopic  princi- 
ples, I  lind  the  stereoscopic  effect  equally  perfect  as  with  the 
stereoscope  except  that  the  nearer  triangular  face  is  smaller  than 
the  fUrtlier  one  instead  of  the  ccmtrary.  Nothinor  can  exhibit 
more  clearly  than  these  experiments,  the  entire  distinctness  of 
the  Ijinoeular  from  every  other  kind  of  perspectiva 

Stereoscopic  pictures  may  be  combined  with  the  naked  eye, 
also  heyoml  the  plane  of  the  card  in  the  manner  of  a  stereoscope; 
but  there  are  two  difficulties  in  the  way  of  success  in  this  kind 
of  combination.  In  the  firstplace  in  most  stereoscopic  pictures, 
identical  points  are  farther  apart  than  the  eyes,  and  thei'efore, 
cannot  be  combined  beyond  the  pictures  without  the  aid  of 
lenses  or  i)risms.  In  the  second  ])lace,  even  if  the  pictures  are 
not  farther  apart  than  the  eyes,  and  may  therefore  be  thus  com- 
bined, the  dissociation  of  the  focal  from  the  axiaj  adjustment, 
as  already  exj)lained  in  my  first  paper*  is  difficult  and  imperfect, 
and  the  combined  picture  therefore  is  not  clear. 

1  wish  now  to  apply  the  method  proposed  in  my  last  article, 
in  the  representation  of  stereoscopic  phenomena.  The  usual 
method,  which  I  have  used  in  figs.  1,  2,  3,  and  4,  because  it  is 
familiar,  represents  perfectly  the  position  of  objects  seen  single 
and  therefore  their  relative  distance  or  the  depth  of  spa<je, 
when  the  eyas  are  directed  upon  them  consecutively ;  but  can- 
not represent  the  |X)sition  of  donhle  iniatjes  in  the  stereoscope  any 
more  than  it  can  in  natural  vision.  Fig.  7,  gives  the  mode  of 
representing  by  the  usual  method.  AK,  A  L  is  the  position  of 
the  oj)tic  axes  when  objects  a  a  in  the  foregrounds  are  com- 
bineil  at  A  and  bi'f  the  position  of  the  double  images  of  b6, 
seen  at  the  same  distance  as  A ;  I^  R,  B  L  the  direction  of  the 
optic  axes  when  objects  hb  in  the  backgrounds  are  combined 
and  seen  at  B  and  aa',  the  apparent  {)ositi()n  of  aa  at  the  same 
distance  as  B.  Fig.  8  gives  the  same  when  pictures  are  com- 
bined bv  squinting. 

Xow  it  is  evident  that  this  mode  of  I't^prcsentation  is  not 
true,  tor  wv  dn  not  i'(4er  b//  to  the  same  distance  as  A,  when 
we  look  at  A,  nor  ar/  to  the  sniiie  distanee  as  B  when  we  look  at 
B.  The  whole  stere()se()j)ie  etl'eet  would  be  lost  il'  we  did.  On 
the  other  hand  niy  method  ot  i'e])resentatioii  liivc^s  the  true 
a})parent  positions  of  the  double  images  as  we  now  proceed  to 
show. 

When  W(*  <2!;aze  through  a  st(U'(^osc()])e  the  two  ])ictures  seem 
to  slide  inward  ov<'r  eacli  other  uiilil  tliev  uiiili^  to  i'orni  a  siujile 

*  Tills  .lour..  II,  xlvii,  pp.  7;)  mikI  7<'». 

I   As  ill  my  previous  arlii-lu  iImsIhmI  letters  mean  Irp-'  ij'  images. 
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ure  in  the  middle.  The  septum  of  the  stereoscope  is  there- 
doubled  heteronymously,  and  forms  two  parallel  planes  or 
Is  bounding  the  neld  of  view  on  either  side.  Between  these 
bounding  planes,  the  eye  (combined  eyes)  from  its  apparent 
tral  position  seems  to  look  straight  forward  upon  the  scene. 
soon  as  we  converge  the  eyes  upon  any  object  in  the  scene, 
two  septa  or  bounding  planes  seem  to  converge  to  the  same 
ree,  and  if  produced  would  meet  at  the  point  of  sight,  if 
be  in  the  median  line,  or  in  any  case  at  the  distance  of  the 
it  of  sight  As  the  point  of  sight  however,  is  always  far 
ond  the  septa,  practically  the  septa  will  seem  nearly  or  quite 
Jlel,  Fig.  9  gives  the  actual  relation  of  parts  and  the 
ition  of  the  visual  lines  when  hh  objects  in  the  backgrounds 
;he  pictures  are  united  and  seen  at  B ;  fig.  10  gives  the 
lal  result  The  two  pictures  are  slid  over  each  other  each  a 
f  interocular  space  until  hh  fig.  9,  unites  in  the  middle 
g.  10,  and  aa  slide  by  each  other  and  become  heteronymous. 
B  combined  picture  b  is  seen  at  B  (fig.  10),  because  we  are 
iscious  of  an  optic  convergence  suitable  for  that  distance,  or 
)ther  words  we  are  conscious  of  looking  at  that  distance.  In 
3  mode  of  representation  the  position  of  B,  when  it  is  on  the 
dian  line,  is  determined  by  the  intersection  of  the  double 
ita  or  median  lines  n  S,  n'  S  produced ;  and  the  position  of 
of  the  scene  is  detennined  by  the  intersection  of  the  lines 
m  the  eye  through  a/a  of  the  card  (ray  lines\  with  the 
dian  lines  n  /S,  n'  S.  It  will  be  observed  that  tnese  double 
iges  occupy  precisely  the  position  of  those  of  an  object  at 
fig.  9.  Fig.  11,  gives  the  relation  of  parts  and  the  direction 
tne  optic  axes,  when  objects  a«  in  the  foregrounds  of  the 
tares  are  combined  and  seen  at  A,  and  fig.  12,  the  visual 
ult  To  coYnbine  aa  (fig.  11),  b6  do  not  slide  by  each  other, 
\  are  therefore  homonymous,  and  are  therefore  referred  he- 
ld A  and  seen  at  bi'  (fig.  12)  precisely  as  if  they  were  the 
ible  images  of  an  object  situated  at  B  (fig.  11).  In  the  re- 
sentation  (fig.  12)  the  exact  position  of  b//  of  the  scene,  is 
ennined  as  before  by  the  intersection  of  median  lines  with 
ray  lines, 

Phe  phenomena  of  combination  by  squinting  is  represented 
ig&  13, 14, 16,  of  which  fig.  13  represents  the  actual  relation 

rirts,  and  the  direction  of  the  optic  axes  when  foregrounds 
backgrounds  of  the  pictures  r  and  I  are  consecutively 
ibined.  In  this  case  the  mounting  is  supposed  to  be  changed 
IS  to  make  the  perspective  natural.  Fig.  14  represents  the 
lal  result  when  the  foregrounds  are  united,  and  fig.  15, 
m  the  backgrounds  are  united.  The  positions  of  the 
ible  images  in  the  scene  are  determined  as  before.  In  the 
3  of  combination  by  squinting^  the  two  images  of  the  card 
Qot  slide  over  each  other  inward^  as  in  the  stereoscope,  but 
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ouUnard ;  so  that,  as  already  stated,  the  right-eye  image  of  the 
left  picture  (*overs  the  left-eye  image  of  the  right  picture,  to  form 
the  binocular  picture  or  scene;  while  homonymous  images  of 
the  right  and  left  pictures  are  seen  to  the  right  and  left  I  have 
n^prescnted  this  m  figs.  14  and  16,  where  r  and  /  are  right 
and  left  pictures  as  seen  by  the  right  eye,  and  r'  V  the  same  as 
seen  })y  the  left  eye.  By  careful  inspection,  after  what  I  have 
already  said,  the  figures  will  explain  themselves.  It  is  true, 
this  rnod(.'  of  representation  is  complex,  and,  for  those  unaccus- 
tomed to  l)inocular  experiments,  perhaps  difficult  to  under- 
stand :  but  it  has  the  advantage  of  truly  representing  the  some- 
what coni])lex  visual  phenomena. 

Oakland,  Cal.,  March  20,  1871. 


Art.  \\.  -0)t  three  Masses  of  Meteoric   [ron^  from  Augusta  Cb., 
Vin/inia ;  by  J.  W.  Mallet,  Professor  of  Anal,  and  Applied 
Chemistry,  University  of  Virginia. 

Neaiu.y  two  years  ago  I  learned  that  a  lump  of  iron,  which 
from  the  description  given  of  it  I  supposed  to  be  meteoric,  had 
been  turned  \\\)  by  the  plough  in  Augusta  Co.  in  this  State, 
and  soon  afterwards  I  obtained  possession  of  this  specimen  by 
the  kind  assistance  of  Hon.  J.  B.  Baldwin  of  Staunton.  It 
[)roved  to  be  beyond  question  a  meteorite,  weighing  about 
56  lbs. 

A  few  months  later,  I  saw  at  the  Annual  Fair  of  the  State 
Agricultural  Society  in  Richmond,  a  second  mass,  of  smaller 
size,  weighing  about  36  lbs.,  which  had  come  from  the  same 
(bounty,  and  was  exhibited  along  with  some  iron  ores  by  Maj. 
Jed.  notclikiss  of  Staunton.  Learning  from  me  that  I  was 
about  to  examine  and  analyze  my  own  specimen,  and  was 
anxious  to  compare  it  with  the  other  found  in  the  same  part 
of  tiie  country,  Maj.  Hotchkiss  was  obliging  enough  to  lend 
me  the  latter,  and  to  permit  me  to  cut  off  enough  for  analysis. 

(^uit<;  I'lM'cntly  he  has  ])laced  in  iny  hands  a  third  specimen — 
also  from  Augusta  ('O. — weighing  but  al)out  oA-  Ihs. 

I  shall  s])('ak  ^A'  these  three  masses  as  \o.  1.  No.  2,  and 
No.  '),  in  the  order  in  which  they  are  mentioned  ahove:  No.  I 
being  m\'  own  speeimen,  and  Nos.  2  and  o  those  of  Maj. 
llotehkiss. 

All  tliree  ]»"esent  (juit(*  the  same  general  appcnranee.  Thev 
are  of  a  verv  ii'regular  pear  sha])e,  one  eiul  ol  each  iriass  Ixung 
larger  and  \\\nvr  rounde^l  than  the  other — the  smaller  end  ol 
each  is  somewhat  Jlattcned,  hut  hy  eoncavt*  surlaees.  in  one 
<lire<-tion.       N<».    I    was   moi'c    massive   and    rouude(l    than    the 
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others — No.  2  most  flattened— the  latter  had  some  rude  i-esem- 

blance  in  shape  to  a  shoulder  of  mutt^in.     The  dimeiiaiona  of 

the  inaasea  before  cutting  were  as  follows: 

No.  1.  No.  a.         No.  3. 

Maximum  length, 28  centimeters  27  cm,  lle.m, 

"        width,  at  lai^e  end,. .  .21  "  10    "        fl    " 

"  "       at  Bmall  end,  ..17  "  19     "        6    " 

"        thiolineB)t,atlai^eend,.13  "  13     "        8    " 

"  "  at  small  end,  II  "  5     "        :i    " 


A  pretty  good  idea  of  the  shape  and  size 
may  be  obtained  from  tlie  accompanying  fig- 
ures, from  photographs  oi'  the  onginal  speci- 
mens with  attached  scale.  The  exact  weights 
before  cutting-were, 

No.  I.  No.  3.  No.  3. 

25,429  grams.  10,441  grams.  1,644  grams. 

the  masses  being  entire,   nothing  having  been  jireviously   de- 
tached from  any  one  of  thera. 

The  surface  of  each  of  the  masses  is  rough  and  iiTegular. 
At  some  points,  which  have  been  rubbed,  the  iron  exhibits  its 
metallic  luster,  and  traces  of  its  crystalline  character  may  be 
observed,  but  nearly  the  whole  surface  is  covered  with  a  dark 
brown  crast,  consisting  essentially  of  hydrated  ferric  oxide, 
■bich  varies  from  about  an  eighth  to  a  thi  rd  of  an  inch  in  thick- 
nesa.  This  crust  is  hard,  and  pretty  firmly  adherent  On  ex- 
posure to  moist  air  a  rusty  liquid  exudes  in  drops  from  numer- 
ous points  upon  the  surface,  and  in  this  watery  liquid  chlorine, 
iron  (chiefly  as  ferrous  chloride),  and  nickel  were  detected.  The 
Diasses  are  of  course  magnetic,  and  on  examination  give  evi- 
dence of  feeble  magnetic  polarity,  with  multiple  poles. 

The  union  of  hardness  and  toughness  in  the  iron  makes  it 
gaite  difficult  to  cui,  and  in  attempting  to  obtain  with  the  plan- 
ing machine  a  slice  of  considerable  size  the  ordinary  cutting 
tools  were  blunted  and  broken  ;  it  was  found  necessary  to  drill 
1  row  of  hole$t  and  connect  these  by  a  cut  made  with  the  planer. 
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Tlie  specific  gravity  was  taken  for  Nos,  1  and  2  with  solid 
pieces  of  alxtiit  140  grams  and  95  grams,  respectively,  cut  from 
the  interior  of  tlie  masaes,  and  for  No,  3  witli  about  10  grarus 
of  clean  yha\'ings  (from  the  planer)  in  a  specific  gravity  bottle. 
The  results  were, 

No.  1.  No.  3.  No.  8. 

Si>cdfic  gravity,  at  15°  C.     7-853         7'865         7-839 

The  interior  structure  of  the  iron  is  compact  aod  highly 
erystalliiie,  of  much  the  same  general  character  throu^iout, 
but  a  tew  sinall  grains  and  streaks  of  a  brownish  yellow  min- 
eral were  noticed,  which  on  being  picked  out  and  examined 
proved  to  be  troilite.  There  are,  nowever,  miDUte  fissures 
running  through  several  portions  of  the  metal. 

Ti-aces  of  the  Widnmnnstattian  figures  may  be  detected  upon 
a  polished  surface  even  without  the  aid  of  an  acid,  and  when 
the  iron  has  been  etched  by  nitric  acid  the  markings  are  exceed- 
ingly <listinct  and  beautiful,  tuUy  as  much  so  as  in  any  specimen 
of  meteoric  iron  I  haveeverseen.  The  general  appearance  is  a 
gooil  ileal  like  that  of  the  iron  from  Lenarto  in  Hungary,  and 
soinc  of  the  Miixican  specimens.  In  the  mass  No.  1,  upon  the 
princi],Kd  cut  surface,  nan-ow,  well-defined  bands  of  alternate 
nickel-iron  and  Schi-eibersite  are  parallel  or  intersect  each  other 
at  angles  of  about  60°  and  120° :  in  the  figures  on  the  principal 
sui-fiice  of  Na  2,  the  angles  of  intei-section  more  nearly  ap- 
]jroach  fiO° ;  on  the  much  smaller  cut  surface  of  No.  3,  the 
figures  are  somewhat  more  irregular,  but  the  angles  approach 
tJO".  By  etching  surfaces  obtained  in  other  planes  it  was  ren- 
dered evident  that  the  difi'erence  of  appearance  is  merely  due 
to  looking  at  different  projections  of  the  same  crystalline  struc- 
ture. The  acconi)>anynig  engravings,  taken  from  photographs, 
exhibit  the  results  of  etching  these  specimens. 

The  metal  soon  rusts  upon  cut  surfaces,  especially  where  the 
exudation  of  chlorine  occurs,  and  this  renders  more  distinctly 
visible  tlie  ,'ilight  fissures  which  penetrate  the  interior. 
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No.  a. 


The  iron  is  not  passive,  though  very  easily  rt'iidereil  so  by 
nitric  acid.  It  reduces  copper  rather  slowly  from  tlie  sulphnte, 
snd  if  the  whole  aurface  be  covered  by  the  latter  metal  and 
then  washed  under  a  stream  of  water,  rubbing  hard  with  the 
hand  or  a  clotli,  a  part  of  the  copper  comes  ofl'  very  easily, 
leaving  the  remainder  firmly  attached  and  repnMJucing  very 
beautifuliy  the  Widmannstattian  figures ;  obviously  a  case  of 
galvanic  deposition,  the  Schreiberaite  being  the  electro-negative 
»lid  and  receiving  the  coating  of  copiwr. 

By  the  prolonged  action  of  acid  delicate  white  laminae  ot 
Schreibersite  are  brought  into  view,  which  if  completely  de- 
Uched  are  found  to  be  flexible  and  strongly  magnetic. 
The  foUowing  are  the  results  of  chemical  analysis. 

No.  1.  No.  2.  No.  a 

Iron, 88-706  88-366  89-OOV 

Nickel, 10-163  1 0-242  9-964 

Colwlt, -396  -428  -387 

Copper, -003  -004  -OOS 

Tin, -002  -002  -003 

Manganesfl, trace  trace 

PhoephoroB, -341  -362  -375 

Sulphur, -019  -008  -026 

Chforint, -003  -00-J  004 
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No.  1,  No.  2.  No.  8. 

Carbon, -172  186  122 

Silica, -067  '061  -066 


99-872  99-659  99-947 

These  numbers  are  so  closely  accordant  that  there  can  be  no 
doubt  of  the  masses  being  essentially  identical  in  chemical 
composition. 

The  nickel  and  iron  were  separated,  in  a  cold  and  quite 
dilute  solution,  by  means  of  carbonate  of  baryta,  and  the  pre- 
cipitates obtained  were  carefully  tested  as  to  purity  before  the 
weights  were  finally  accepted  as  correct 

Considerable  quantities  of  material  were  used  for  the  deter- 
mination of  the  minor  constituents.  Particular  attention  was 
given  to  tlie  identification  of  the  minute  quantity  of  tin  present, 
as  Professor  J.  Lawrence  Smith  has  lately  mentioned*  the  fact, 
that  he  has  never  found  tliis  metal  in  the  course  of  numerous 
analyses  of  meteoric  iron.  The  precipitate  with  sulphuretted 
hydrogen,  which  contained  the  tin  and  copper,  was  in  each  case 
obtained  from  a  solution  of  more  than  a  hundred  grams  of  the 
iron. 

I  feel  satisfied  that  the  chlorine  is  not  of  meteoric  origin — not 
an  essential  constituent  of  the  original  masses — but  has  been 
derived  from  the  soil  in  which  the  iron  has  lain  imbedded. 
The  exudation  of  watery  drops  containing  metallic  chlorides 
is  observable  only  at  points  on  the  outside  and  on  cut  surfaces 
along  the  Unas  of  fissures  communicating  with  the  outside. 
Although  chlorine  is  mentioned  above  as  found  in  the  general 
analysis  of  the  planing  machine  shavings,  I  failed  altogether  to 
detect  it  in  a  specially  selected  solid  piece  of  some  fifty  grams 
taken  from  a  part  of  No.  1  destitute  of  fissures  or  flaws. 

The  siliceous  residue  is  set  down  as  silicic  acid,  but  some  of 
it  seems  to  have  in  reality  existed  as  silicide  of  iron.  A  part 
of  this  residue  having  been  examined  with  the  blowpipe  to 
identify  it  as  silicic  acid,  another  portion  was  looked  at  with  a 
magnifying  power  of  250  to  500  diameters,  and  in  polarized 
light  was  seen  to  consist  of  an  amorphous  powder,  and  rounded, 
transparent  grains  of  very  small  dimensions,  for  the  most  part 
from  -0025  to  -0100  millimeter  in  diameter,  of  well-marked 
doubly  refnietinir  cliaracter. 

It  seems  in  the  hii>*hest  deuive  probable  that  these  three 
masses  of  meteoric  iron  re|)reseiit  j)orti()iis  of  a  single  fall  from 
the  heavens,  aL^'eein^f;  so  closely  as  thev  do  in  external  charac- 
ter  and  aj)pearance,  in  densitv  and  internal  structure,  and  in 
chemical  constitution  ;  having,  moreover,  all  been  found  at  but 
short  distances  from  each  other.  The  [)recise  localities  from 
which  they  came  are  as  lollows  : 

*  This  Jounial,  II,  xlix,  333,  (May,  1870). 
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No.  1,  from  a  spot  on  the  land  of  Mr.  Robert  Van  Lear, 
about  five  miles  (a  little  East  of)  North  from  Staunton,  in 
38°  14'  N.  lat  and  79°  01'  W.  long. 

No.  2,  from  the  land  of  Mr.  M.  Fackler,  about  one  mile  to 
the  Southeast  of  the  locality  of  No.  1. 

No.  3,  about  half  a  mile  still  further  Southeast,  or  rather 
a  little  North  of  a  N.W.  and  S.E.  line  passing  through  the 
last  named  locality. 

It  will  be  interesting  to  watch  for  the  i)ossible  detection  of 
other  masses  in  the  same  neighborhood. 

This  makes  the  fourth  recorded  instance  of  meteorites  found 
within  the  State  of  Virginia,  the  three  preceding  having  been, 

1.  Meteoric  stone,  which  ifell  in  Chesterfield  Co.,  June  4th, 
1828,  (this  Jour.  I,  xv,  195  and  xvi,  191). 

2.  Meteoric  iron,  found  in  Grayson  Co.,  described  by  Prof. 
Rogers  of  this  University  in  1842,  (this  Jour.,  I,  xliii,  169). 

8.  Meteoric  iron,  found  in  Roanoke  Co.,  and  described  by 
Prof.  Rogers  in  1842,  (this  Jour.,  I,  xliii,  189). 

University  of  Virginia,  March  27,  1871. 


Art.  IIL — 7%6  Glacial  Features  ,of  Oreen  Bay  of  Tjoke  Michigan^ 
with  some  observations  on  a  probable  former  outlet  of  Lake 
Superior;  by  N.  H.  WiNOHELL,  of  the  Geological  Corps  of 
Michigan. 

The  topographical  features  of  the  region  of  Green  Bay,  are 
strikingly  dependent  on  the  geological  structure  as  acted  on  by 
glacial  forces.  The  west  coast  is  low,  and  in  but  few  places 
can  the  underljdng  rock  be  seen  above  the  drift  deposits.  The 
immediate  shore  varies  but  little  from  the  regular  trend  of  the 
outcropping  Trenton  limestone.  But  two  considerable  bends  oc- 
cur on  the  west  coast ;  and  they  are  caused  by  alluvial  deposits 
at  the  mouths  of  the  Peshtigo  and  Menominee  rivers.  Across 
these  rivers  the  bearing  of  the  Trenton  limestone  is  disclased 
in  the  rapids  which  occur  a  few  miles  above  their  mouths.  At 
the  mouth  of  Little  Bay  de  Noc  the  course  of  the  coast  line 
takes  a  direction  nearly  N.  and  S.,  an  interesting  fact,  the  special 
significance  of  which  will  be  noticed  further  on. 

The  east  coast  is  in  the  same  way  dependent  on  the  line  of 
bearing  of  the  Niagara  limcvstone ;  but,  very  unlike  the  west 
coast,  It  is  frequently  indented  by  bays  which  by  their  great 
depth  of  water  form  beautiful  ship  harbors.  Of  these  Sturgeon 
Bay  is  the  most  remarkable,  and  may  be  taken  as  a  type  of  all 
the  deep  indentures  occurring  on  the  east  shore  of  Green  Bay. 
The  vast  escarpment  of  Niagara    limestone    rises  sometimes 
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immediately  from  the  water,  but  more  frequently  it  passes  a 
short  distance  from  the  shore,  forming  an  almost  continuous 
rock-barrier  150  to  200  feet  in  height  from  the  head  of  Great 
Bay  de  Noc  to  near  the  south  end  of  Green  Bay.  It  also 
underlies  the  whole  table-land  of  the  peninsula  which  encloses 
Green  Bay,  and  affords  by  its  natural  dip  a  gentle  descent 
E.S.E.  toward  Lake  Michigan.  Hence  the  entire  drainage  of 
the  peninsula  is  into  that  lake,  the  *^  divide  "  being  along  the 
shore  of  Green  Bay.  The  east  and  west  shores  aftord  another 
noticeable  contrast  in  the  comparative  depth  of  the  off-shore 
water.  By  inspecting  the  charts  of  the  U.  S.  Lake  Survey  the 
recorded  soundings  along  the  west  side  show  very  shoal  water, 
while  on  the  east  side  the  "  ten-fathom  line  "  runs  near  the  laud, 
frequently  uniting  with  the  shore-line,  the  entrances  to  the  little 
bays  being  uniformly  very  deep.  The  passage  through  Port 
des  Morts  is  21  fathoms,  north  of  Louse  island  24  fathoms. 
The  mouth  of  Eagle  harbor  is  11  fathoms,  of  Ellison's  bay  12 
fathoms,  and  of  Hedgehog  harbor  17  fathoms.  The  average 
depth  of  Green  Bay  is  16  to  18  fathoms. 

The  uniformity  in  the  direction  of  these  bays  is  another 
remarkable  fact  They  indent  the  peninsula  in  a  southerly  or 
southeasterly  direction.  On  the  contrary  the  bays  on  the  op- 
posite side  of  the  peninsula,  and  opening  into  Lake  Michigan, 
have  a  very  uniform  direction  northerly  or  northwesterly,  com- 
plementing those  opening  into  Green  Bay  in  such  a  way,  that 
the  peninsula  is  in  several  cases  almost  intersected  by  their  near 
inosculation. 

The  barrier  of  the  Niagam  limestone  is  broken  through  at 
each  of  these  bays,  and  its  broken  off  ends  form  perpendicular 
and  bald  bluffs  wliich  face  each  other  across  their  entrances, 
and  rise  to  the  height  of  75  to  175  feet  Government  and  Hib- 
bard's  bluffs  enclose  Sturgeon  bay.  The  former  has  a  height  of 
115  feet,  the  latter  about  80  feet  Eagle  Bluff  is  on  the  south 
side  of  Eagle  harbor  and  has  a  height  of  149  feet  10  inches. 
Its  counterpart  on  the  nortli  side  is  about  60  feet  Garden  Bay 
in  Great  bay  de  Noc  i«^  another  example  of  the  same  pheno- 
menon. The  Niagara  barrier  is  more  broken  down  between 
Port,  des  Morts  Jind  Pt  de  Morts  and  Pt  de  Tour  than  at  any 
other  phice.  Projecting  southward,  the  peninsula  which  en- 
closes Great  bay  de  Noe  inid  tenninatcNs  witli  Pt.  de  l\)ur,  is  a 
C(:)uuter])art  of  tliat  whieli  eueloses  (ireen  Bay  ;  aud  tlie  whole 
interval  between  Door  BlutVou  the  south  and  Sag  P>lutl'in  Great 
bay  de  Noe  on  ihe  north,  is  })ut  an  enlarged  illustration  of  the 
phenomena  already  (les(;ril)ed.  In  this  case  the  Niagara  lime- 
stone is  so  eoni])letely  })roken  (h)wn  as  to  admit  the  waters  of 
Lake  Miehigaii,  the  Potawatamie  islands,  which  lie  in  that 
interval,  i)eing  its  only  })arts  remaining  above  the  level  of  the 
ke. 
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Glacial  striae  and  polished  surfaces  at  the  head  of  Green  Bay 
ive  a  direction  N.  84°  E.  coinciding  with  the  axis  of  Green 
\j.  In  the  bay  north  of  Sag  and  Burnt  Bluffs,  in  Great  Bay 
J  Noc,  they  run  about  N.W.  and  S.E. 

Among  tne  glacial  features  may  be  mentioned  the  general 
pect  of  the  east  shore  of  Green  Say  and  of  Great  Bay  de  Noc. 
QOBO  deeply  cut  bays  before  mentioned  must  be  regarded  as 
'  the  nature  of  fiords,  and  doubtless  owe  their  ori^n  to  spurs 
om  the  main  glacier  which  excavated  the  Green  Bay  valley. 
he  Sturgeon  Say  spur  was  probably  aided  in  taking  its  more 
sterly  trend  by  a  local  glacier  which  contemporaneously  de- 
endcKl  the  valley  of  the  Uenominee.  By  their  uniformity  of 
rection  a  tendency  is  indicated  in  the  main  glacier  to  move 

a  more  southerly  direction  than  the  general  direction  of 
reen  Bay  requirea  In  feet  the  islands  between  Port  des 
orts  ana  Pt  de  Tour  exhibit  the  effect  of  intense  glacier 
ition  in  a  direction  N.  and  S.  Long  trails  of  detritus  from  these 
lands  shoal  the  water  for  several  miles  southward ;  but  toward 
le  north  the  water  becomes  suddenly  very  deep. 
A  natural  result  of  this  spurring  off  from  the  main  glacier  is 
chibited  in  the  westward  tendency  of  the  coast  line  imme- 
iately  south  of  the  bays  thus  formed.  The  diversion  of 
lat  portion  of  the  moving  glacier  which  passed  through  the 
illey  of  Sturgeon  Bay  would  allow  the  extension  of  the 
3posing  barrier  of  the  Niagara  limestone  farther  toward  the 
•est,  thus  bringing  into  view  lower  formations  (Clinton  and 
incinnati) ;  and  the  spur  which  excavated  Eagle  harbor, 
;ted  in  the  same  way  to  permit  the  existence  of  the  point 
ist  west  fi^m  the  harbor  on  which  the  Clinton  limestone  is 
gain  exposed. 

Another  evidence  of  the  more  southward  tendency  of  the 
lain  glacier  consists  in  the  fact  that  it  actually  broke  through 
be  Niagara  barrier  in  numerous  instances  in  a  southerly  direc- 
ion,  but  did  not  once  encroach  upon  the  Trenton,  on  the 

Siposite  side  of  Green  Bay,  although  it  hardly  rises  above 
e  water  level 

We  may  therefore  regard  the  fact  established  that  the  local 
;Iacier  which  excavated  the  valley  of  Green  Bay,  as  far  south 
18  to  include  lakes  Winnebago  and  Horicon  in  W  isconsin,  was 
leflected  from  its  N.  and  S.  course  by  the  escarpment  of  the 
STiagara  limestone ;  and  we  must  infer  that  its  greatest  force 
fas  felt  where  it  first  encountered  it  We  see  the  escarpment 
nost  demolished  between  Port  des  Morts  and  Pt  de  Tour,  and 
xmclude  that  that  interval  must  lie  in  the  course  of  the  original 
(lacier.  A  course  nothward  thence  carries  us  up  the  valley  of 
Little  Bay  de  Noc  and  the  Whitefish  river  to  the  shore  of  Lake 
Superior,     If  we  examine  the  south  shore  of  Lake  Superior, 

km,  iomu,  8ci  —Tbibd  Seribs,  Vol.  II,  No.  7.— July,  1871. 
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we  iind  that  in  a  line  directly  north  from  the  head  of  Little  Bay 
de  Noc  occurs  the  only  break  in  the  otherwise  continuous  rock 
barrier.  Dr.  D.  Hougnton,  in  his  report  to  the  Michigan  Legis- 
lature in  1840,  says  that  "  an  elevated  range  of  hills,"  or  in 
another  place,  **  an  elevated  and  very  regular  chain  of  hills 
stretches  from  Point  Iroquois  to  the  Pictured  Rocks,"  fix)m 
which  place  they  "  pass  away  from  the  shore  southwesterly," 
and  Dr.  Houghton  adds  that  "the  western  prolongation  of 
this  rock  has  not  been  determined."  From  the  mouth  of  the 
Chocolate  river,  six  or  eight  miles  east  of  Marquette,  to  a  point 
one-and-a-half  miles  east  of  the  mouth  of  Train  river,  the 
shore  is  low  and  occupied  with  drift  deposits,  the  usual  rocky 
barrier  of  sandstone  is  interrupted  and  entirely  wanting.  Both 
to  the  east  and  to  the  west  from  this  interval  the  shore  of  the 
lake  is  formed  by  the  rocky  rampart  either  of  the  Lake  Su- 
perior sandstone  on  the  east,  or  of  the  Huronian  and  other 
Eozoic  rocks  on  the  west  Although  this  barrier  passes  a  few 
miles  away  from  the  shore  east  of  the  Pictured  Rocks  it  is 
nevertheless  a  continuous  barrier  of  "  sandstone  hills "  which 
cause  the  Falls  of  the  Taquomenon,  90  feet  in  height,  and 
appear  in  precipitous  cliffs  at  or  near  Iro(juois  Point 

Again,  fi'om  the  mouth  of  Chocolate  river  to  the  falls  of  the 
upper  Menominee  occurs,  in  general,  the  strike  of  the  Huronian, 
ana  from  the  latter  place  to  the  head  of  Keweenaw  bay,  a  right 
line  would  pass  some  of  the  highest  primary  knobs  ana  through 
the  head  waters  of  some  of  the  principal  rivers  of  the  Upper 
Peninsula  of  Michigan.  This  rough  and  elevated  character 
continues  westward  to  the  Montreal  river,  near  the  western 
extremity  of  Lake  Superior.  It  is  therefore  rendered  probable 
that  the  last  lingering  glacier,  which  was  able  to  prolong  itself 
beyond  the  south  shore  of  Lake  Superior,  passed  through  the 
gap  which  occurs  north  from  the  head  of  Little  Bay  de 
Noc.  It  has  been  repeatedly  stated  by  geologists  who  have 
observed  the  glacial  striae  aoout  Lake  Superior,  that  their 
general  direction  is  N.E.  and  S.W.  It  is  therefore  a  fact  of 
special  significance,  that  the  gi'ooves  at  and  near  the  mouth  of 
Chocolate  river  show  a  north  and  south  direction.  At  a  point 
two  miles  west  of  the  mouth  of  Carp  river,  and  a  few  miles 
east  of  Marquette,  there  are  two  systems  of  glacial  grooves, 
one  running  north  55"  east,  and  the  other  north  5°  cast.  Mr. 
Desor  savs  of  these  :  "  The  latter  are  distinctly  seen  crossin<r 
tlie  cjtbcrs,  iind  are  therefore  more  recent.  Some  of  them  are 
besides  distinctly  curved,  as  if  the  body  which  produced  them 
had  been  deflected  in  ascending  the  slope,  a  peculiarity  not  yet 
ol)<erv«^d  elsewhorc."  On  an  island  east  of  Dead  river  (near 
Mar(|iu'tte)  there  are  also  two  systcnns  of  iiirrows,  one  rnnning 
N.  and  S.  and  one  N.  20"^  E.,  the  latter  being  the  more  distinct 
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• 
and  sometimes  taking  the  form  of  troughs  four  feet  wide  and  two 

feet  deep.*  These  indicate  that  the  continental  glacier  moved 
in  a  direction  N.E.  and  S.W.,  forming  the  deepest  furrows,  but 
;hat  the  local  glacier  passed  N.  and  S.  It  was  also,  doubtless, 
*  deflected  "  from  its  course,  and  the  opposition  of  the  Huro- 
lian  formation,  which  gives  the  coast  great  elevation  and  ab- 
-uptly  turns  it  north  from  this  place,  may  be  supposed  to  have 
caused  that  change  in  direction. 

In  relation  to  the  country  between  the  head  of  Little  Bay  de 
ffoc  and  the  shore  of  Lake  Superior  we  may  infer  that  a  valley 
3xists,  or  did  exist  when  the  glacial  epoch  was  waning,  connect- 
ng  Lake  Superior  with  Lake  Michigan  through  Little  Bay  de 
N^oc,  and  that  the  present  outlet  of  Lake  Superior  is  of  com- 
paratively recent  date.  Not  only  do  the  descriptions  of  this 
tract  by  Messrs.  Foster  and  Whitney  confirm  that  inference,  but 
examinations  made  the  present  summer,  by  Mr.  A.  S.  Wads- 
o^orth  of  the  Michigan  Geological  Survey,  almost  directly  de- 
monstrate the  former  outlet  of  Lake  Superior  to  have  been 
through  the  Whitefish  valley.  There  is  a  continuous  valley 
with  nigh  drift  banks  uninterrupted,  from  the  mouth  of  the 
Whitefish  river  to  Lake  Superior.  Upon  reaching  the  water- 
shed which  lies  but  little  above  Late  Superior  and  within 
twelve  miles  of  the  mouth  of  the  Train  river,  the  head  waters 
of  the  two  rivers  interlock  on  an  extensive  flat  and  rocky  bed 
from  which  the  drift  has  been  removed  and  piled  up  in  continu- 
ous bluffs  on  either  side.  From  the  summit  of  these  bluffs 
extend  extensive  "pine  plains,"  toward  the  east  and  west  On 
this  rocky  bottom  are  traces  of  running  water,  spread  over  an 
area  of  many  acres,  consisting  of  the  peculiar  "  pot  holes,"  from 
which  *•  many  cords  of  rock  '  have  been  removed.  There  are 
also  deep  gorges  and  crevices  worn  smooth  by  the  motion  of 
water  and  drimng  sand. 

Thus  it  appears  that  not  only  was  the  outlet  of  Lake  Su- 
perior through  Little  Bay  de  ifoc  up  to  the  close  of  the  Ter- 
tiary, but  that  it  continued  to  exist  there  after  the  stratification 
of  the  drift.  The  curious  excavation  and  piling  up  of  the 
drift  on  either  side  of  the  Whitefish  valley  could  only  have 
been  done  since  the  deposit  of  the  same,  and  the  water-worn 
8<ur&ce  of  the  Trenton  limestone,  on  the  top  of  the  water-shed, 
must  have  been  produced  since  the  dawn  of  the  Terrace  Epoch. 
The  old  Tertiary  channel  is  stiU  obscured  by  the  drift;,  either  to 
the  east  or  west  of  the  channel  discovered  oy  Mr.  Wadsworth. 

Ann  Arbor,  Mich.,  August  20,  1870. 

*  Foster  and  Whitney's  Report  on  L.  Superior,  Part  I,  p.  205. 


20  T.  C.  Eilgard — Injusorial  Circuit  of  Generations. 


Art.  IV. — Infusorial   Circuit  of  Oenerations ;   by  Theod.  C. 

HiLGARD. 

The  soft  and  "  naked/*  transparent  and  really  animal*  forms 
here  to  be  considered,  have  some  very  striking  and  pecuHar 
features  in  common.  Their  bodies  are  delicate,  transparent, 
gelatinous,  granular,  and  evidently  sexless,  although  studded 
with  reproductive  yolks  and  locomotive  molecules  of  the  most 
varied  description.  On  contact  with  air,  when  drying  up,  they 
do  not  leave  behind  any  coherent  coat  or  tissue  whatever ;  but 
so  soon  as  they  are  affected  by  incipient  exsiccation,  at  once, 
by  some  sudden  internal  commotion,  as  if  melting  away,  they 
become  liquid^  and  entirely  dissolve  into  a  "  sauce  "  of  quite 
uniform,  hyaline  molecules,  about  ^^\^  line  in  diameter.  They 
are  all  evidently  immature  forms,  subject  to  a  vast  cycle  of  pro- 
gressive and  retrograde  developments  and  infinitelv  multiply- 
ing the  molecular  germs  at  every  individual  dissolution.f  A 
little  salt,  glycerine,  or  siigar  destroys  their  present  form  ;  but 
they  seem  to  be  hardly  anected  by  morphia  or  atropia,  even  in 
strong  solutions. 

It  is  this  feature  of  the  non-endurance  in  drying  up,  which 
renders  it  at  once  certain,  that  no  such  sarcode  bodies  can 
continue  to  exist  in  integro,  when  exposed  to  the  full  heat  of 
summer,  on  a  cracking  dry  tub,  or  on  a  roof,  likewise  as  torrid 
as  a  blazing  July  sun  can  render  it  within  four  weeks.  The  same 
applies  to  all  the  confervaceous,  palmellaceous,  protococcous, 
desmidiaceous,  eta,  fresh- water  spawns,  of  true  Mosses;  which, 
once  collapsed  by  drought,  rarely  continue  growth  in  a  progres- 
sive sense.  With  the  exception  of  their  common  "nostoc"- 
phase:]:  (specially  adapted  to  endure  even  excessive  dryness)  they 

*  I  e.  exclusive  of  all  the  chlorophyll-endowed,  silica-coated,  and  automatoaa, 
or  cellular  cell-iike  sarcodic  bodies  and  also  the  dear  and  vibrionic  forms  whicii 
belong  to  the  algoid  brycuseous  developments.  They  are  partly  dassed  as  green 
"  Infliaoria,"  and  also  constitute  the  '*  Ghlorospermeee  "  of  "Algae." 

f  The  same  doubtless  applies  to  a  small  "  Stentor  Roe,"  seen  hovering  up  tod 
down  in  water  taken  from  ponds,  aquaria,  etc.  It  is  of  a  hazy  white  color, 
scarcely  perceptible  to  the  naked  eye,  and  remarkable  for  never  touching  tiie 
surface.  When  placed  under  the  microscope,  in  a  drop  exposed  to  air,  this  aiiimil 
germ  (in  shape  resembling  a  Cyprea  or  a  coffee  bean)  is  seen  violently  throwing 
open  itf*  ''cloak  "  or  mantle,  exhibiting  an  intense  ciliary  (^/fn^eroi)  vibratory  action, 
all  over  the  interior  surfare.  It  then  thri^ws  out  hyaline  constitutive  brood- balls  of 
various  sizes,  each  endowed  with  the  same  ^'fingered "  action — (as  if  "  kneaded 
about ''  in  invisible  hands) — and  ultimately  entirely  /lows  apart  into  sttch  jkahy 
cilia,  only  leaving  the  inUistine  behind. 

\  This  form  of  self•mult^plyin^^  aerial  chorophyll  bead-strings  enveloped  in  a 
foliaceons  slime  is  common  to  Lichens  (particularly  the  genus  CoUema)  and  various 
brooding-phases  of  the  algoid  (chlorospermous)  moj^s-spawns.  With  the  Licheas, 
the  internal  chlorophyll  of  their  thallus  oft'Mi  develops,  as  is  well  known,  in  similar 
boad-striniis,  borne  on  the  end  of  colorless  (fungoid)  tissue-fibers ;  in  a  manner 
also  represented  in  the  anatomy  of  Bhdgettia  confervoid^s,  in  Harvey's  "Nereis." 
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evive  "  only  by  starting  anew  from  very  reduced,  but  im- 
insely  multitudinous  constitu&nt  particles  of  their  own^  which 
•dure  exsiccation.  In  the  class  oi  Fungi  we  meet  with  simi- 
examples,  as  e.  g.  in  the  case  of  the  yeast-plant,  which  can 
lure  a  considerable  degree  of  exsiccation  without  impairing 
J  vitality  of  those  cell-confente,  which  actually  exercise  the 
mentive  energies  and  also  consume  the  old  cell-coat — {not  com- 
>n  cellulose,  by  the  way)  in  this  process  of  reviving.  Like- 
36,  the  Vermillion,  gummose  {tubercularia)  pimples  on  rotting 
ick  Oak  branches  can  endure  a  baking  process  in  the  bum- 
;  sun,  but  still  revive  on  contact  with  water.  Its  spicular 
perraatia"  {fusidium,  resembling  Naviculae  or  magnetic 
xiles)  at  once  assume  an  oscillatoiy  motion  and  swell  up  to 
J  size  of  those  didymous  (trichomecium)  spores  which  pres- 
;ly  stand  erect  on  pedicels,  as  a  pink  velvet,  in  the  chinks 
tne  bark  and  collapse  at  the  first  touch  of  the  sun ;  while 
ir  ultimate  subcortical  development  into  a  mature,  "  black 
unel "  Sphoeria  again  perdures  m  the  heat 
Under  tne  circumstances  above  mentioned,  the  rain  water 
i  dry  dust  carried  by  the  wind  to  the  roof,  and  thence  col- 
ted  into  a  perfectly  dry  tub,  itself  standing  on  a  similar  roof, 
;hin  a  few  days  was  found  swarming  with  all  the  minor 
ases  of  the  Vorticello-planarian  germ-developments.  Both 
I  bodies  and  the  yolks  or  gemmae  of  the  latter  occasionally 
jome  reduced,  by  spontaneous  dissolution,  into  very  minute 
tides,  each  in  the  wet  state  capable  of  resuming  the  regene- 
ion  of  individual  germs.  Juaging  irom  analogy,  it  is  but 
sonable  to  suppose,  that  it  is  this  reduced  nuoecular  and 
►lecular  condition,  which  adapts  them  to  last  and  survive  in 
^ry  condition,  as  we  find  it  not  only  with  the  Fungi,  but  also 
the  case  of  the  pruinose-pulverulent,  primitive  moss-spawns, 
three  agreeing  in  this  feature  of  being  "  reduced  to  dust," 
i  of  which  they  are  again  resuscitated.  This  evanescent  con- 
ion,  however,  where  gelatinous  particles  of  about  i^-s\-s  of  a 
e  diameter  shrink  alike  to  imperceptible  dimensions,  affords 
pretext  whatever  for  assuming  identities,  just  because  we 
raelves  lose  the  means  of  discrimination.  Whenever  the  iden- 
j  of  substance  is  preserved,  each  of  these  various  molecular 
^nisms  preserves  its  cyclar  developments  distinct  from  simi- 
',  corresponding  ones  as  true  species,  so  far  as  my  observa- 
ns  go. 

There  being,  at  present,  no  comprehensive  pictorial  works 
lilable  to  fall  back  upon  for  reference,  that  are  sufficiently 
Tect,  even  in  their  designs,  to  identify  the  forms,  allowance 
ist  be  made  for  the  liberties  of  comparison  taken  in  the  fol- 
ring  descriptive  representation  of  the  most  frequent  infusorial 
)cesses. 


( 
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On  extensive  clay  formations,  all  over  the  central  part  of  the 
Mississippi  valley,  the  first  appearance,  in  the  "warm  season,  of 
vegetable  life,  e.  g.  in  water-pools  recently  formed  by  rain,  eta, 
is  mainly  that  of  "  Chlamyaococcus  pluvialis,"  even  where  the 
clay  is  immediately  taken  from  the  deepest  excavationa  As 
the  sequel  of  my  papers  will  show,  this  particular  form  belongs 
to  the  common  Silver-moss  {Bryum  argenieum)  which  is  widely 
disseminated  all  over  the  surface  of  the  globe,  and  that,  by  the 
way,  rather  scantily  "  fructifies  "  in  a  '*  sexual "  fashion,  i  a  by 
the  development  of  a  theca  ;  but  on  clayey  soils  fills  all  the  slug- 
gish and  stagnant  waters  with  its  virescent  uliginous  spawns; 
while  it  covers  the  surface  of  fields,  by  millions  of  acres,  with 
a  minute  crust,  or  "  hrick  red  leprosy^^^*  whose  fine,  molecular 
dust  is  swept  aloft  by  every  wind.  Immediately  before  the  frost, 
the  same  fields  are  densely  covered  with  a  small  crop  of  minute 
moss,  doomed  to  perish  iu  this  form,  but  revived  in  its  spawns 
at  the  first  thaw  in  the  shape  of  a  universal  chalk-white  "  clay- 
bloom^^'  or  pruinose  efflorescence  from  the  soil,  and  that  in  water 
at  once  re-develops  into  the  so-called  Protococcas  (or  Chlamydo- 
coccm) pluvialis  in  the  form  of  green  flagellate-roving  beads.' 

These  minute,  but  in  this  instance  coated,  swarming  cells  are 
replete  with  chlorophyll,  and  are  globular  ovoid  in  shape. 
They  have  at  their  smaller  end,  just  where  the  motor  flageUum 
(or  vibratory  lash)  arises,  a  clear  point  of  substance ;  wherein, 
in  a  small  percentage  of  these  cells,  a  parasite  is  found  to 
develop.  ^ 

This  parasite  is  a  perfectly  colorless  globule,  apparent  in  the 
clear  navel-point  of  the  cell,  and  exhibits  a  faintly  opalescent 
hue.  As  it  grows,  the  cell  which  harbors  the  "  incubus  "  loses 
its  own  individual  vitality.  It  ceases  to  swarm  about  and 
dissect  into  living,  chlorophylliferous  and  automatons  progenies, 
as  the  live  ones  do.  Instead  of  spontaneously  dissolving  as  in 
the  living  process  the  cell-coat  remains  firm  ;  and  as  the  para- 
sitic animal  yolk  grows  and  occupies  more  space,  executing 
tremulous  and  vibratory  contractions,  the  chlorophyll  is  pressed 
into  the  rear,  a  lifeless  mass.     At  last  the  cell  is  ruptured  in 

*  See  St  Louis  Me^l.  Reporter,  Jan.  Ist,  1867,  pp.  522,  527—528.  Also  Proc 
St.  Loui-*  Ac.  Sc.  (July,  1861),  vol.  ii.  No.  1,  p.  160;  and  vol.  i,  p.  156.  For 
*'  Chlorococcum  "  read  "  Sphcerocarpus  "  (lately  renamed  "  Protuberans  ^^  Ag.)  and 
its  "  botrydium  "  projrenios.  Tlie  latter  collapse  ami  turn  reel.  This  pulverulent, 
minfaff'.  "  Tjepraria  kermtsina  "  Auct..  must,  howevcj",  by  no  means  be  co-founded 
with  the  darkly  purpureous.  uliirinous  rno-js-spawns  wliicli  cover,  o.  y.  the  hilly 
''  Onintro-sand  "  ret^ons  of  tlio  J^tatc  of  Mi>!si.ssippi.  It  is  prevalent  in  winter  in 
dam;t  we.'ither,  and  consists  of  iiiatiod  red  ''  Mtcrocoleus"  orlurabricoid(sheathin^O 
moss-cells,  each  one  contiiiniri;^  a  central  brood-fiber  which  is  medullary-dotted, 
dissectin^^  and  fascicularly  surrounded  by  a  stratum  of  (automatous,  prorej>ent) 
"  Ox'illaria '"-liiirils.  Xot  o;ily  the  iiliimately  enlarfred  (chlorophylliferous)  bro  d- 
segments,  but  also  the  dark  und.ilnting  fiber,  form  brood-balls  (terminally).  Its 
gelatine  for.ns  a  cement  of  the  loose  s mdy  clay,  and  a  Iiome  or  abode  for  th€* 
Cladoniae  (or  bright-j^reen  foliolate  lichens)  as  well  as  for  grasses,  etc. 
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front,  and  the  cupular-compressed,  dead,  chlorophylline  mass 
remains  inert  and  void  of  life  until  devoured  by  Infusoria  or 
the  zymotic  fungus.  The  cell-coat,  likewise,  is  effete,  while  the 
large  globular  and  somewhat  acicularly-granulated  incubus, 
after  a  few  very  wry  contractions,  at  once  widely  opens  a  large, 
ciliate  mouth,  gaping  across  the  sphere's  surface  ;  and  disengag- 
ing or  displaying  a  girdle  of  cilia  round  the  rear  part  of  the 
body,  it  immediately  represents  the  free-raving  Vorlicella  in  full 
equipment 

Its  subsequent  *'  encystment,"  into  a  spherical  cyst  densely 
covered  with  short  prickles  (somewhat  like  the  rim  of  a  Helio- 
pelta)  and  containing  entrail-like  designs,  is  well  known.* 
Also,  that  it  eventually  bursts — occasionallyy  at  least — and  dis- 
gorges a  peculiar  sort  of  u'q/er-shaped,  elliptical  (not  ellipsoidal !) 
cells,  or  nuclei,  whose  ulterior  fate  and  abode,  however,  hitherto 
remained  unknown. 

The  fact  is,  that  they  rise  to  the  surface,  where,  on  account 
of  their  shape,  they  inhere,  as  an  almost  imperceptible  pellicle 
or  stratum,  which  to  the  microscopic  observer  is  the  instantane- 
ous index  of  the  precise  ybcaZi^  oi  the  surface. 

In  this  state,  when  no  food  is  supplied,  they  long  remain 
unaltered.  When  meat,  bread  or  other  nutritive  matter  is 
added,  however,  they  develop  (particularly  where  the  absence  of 
light  prevents  the  confervaceous  or  green,  chlorophylline  growths 
from  Decoming  paramount)  into  tlie  smallest  VorticelloB,  The 
center  of  the  wafer-shaped  disc,  inherent  in  the  denser  surface 
of  the  water,  protrudes  downward  into  a  little  clear  knoll  or 
navel,  which  soon  begins  to  jerk,  representing  as  it  were  a  pin- 
head  of  j^*5j  line  diameter  on  a  little  thread  or  coiled  stalk; 
and,  as  the  whole  increases  in  size,  it  now  constitutes  the  well- 
known  spirally  pedunculate  Vorticella ;  pyriform-bell  shaped. 
somewhat  pitcher-mouthed,  with  cilia  around  the  orifice  and  a 
dear  granular  nucleus  or  "germinal  speck "  inside. 

The  multiplication  of  the  pedunculate  Vorticellae,  by  fission, 
lengthwise,  and  by  budding-out,  sideways,  at  the  rear  end,  is 
sufficiently  known.  As  the  bud  tears  loose,  there  is  yet  no 
oral  aperture  visible.  There  is,  however,  a  girdle  of  cilia  at  the 
rear,  wherewith  it  performs  an  undulatory  vibration,  until  it 
tears  loose  by  spinning  round ;  and  after  irregularly  prancing 
about,  and  rebounding  at  head-long  speed,  within  a  few 
minutes  it  "  settles "  upon  some  suitable  surface,  with  the 
ciliated  rear  end ;  and  spinning  out  a  podetium,  or  peduncle, 
often  within  a  quarter  of  an  hour,  the  rear  cilia  get  applied 
downward  to  the  body  and  disappear ;  while  after  a  little  time 
a  fully  ciliated  mouth^  now  opens  in  front 

•  In  fig.  216.  Carp.  '*  Micr."  (p.  446),  the  short  prickles  are  omitted,  B.  to  E. 
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As  for  its  retrograde  multiplications,  when  a  Vorticella  gets 
'*  sick,"  for  want  of  air  or  food  (as  when  kept  between  glass- 
plates  held  apart  and  glued  round  about,  or  cemented,  to  pre- 
vent evaporation),  the  body  contracts  to  a  perfect  globe,  with 
a  big  germinal  point,  "eye"  or  nucleus  in  the  middle;  the 
throat  contracted,  and  the  lifeless  cilia  standing  around  like 
the  limb  of  a  rose-calyx.  The  germinal  speck,  ogle  or  nucleus 
soon  becomes  immensely  bloated,  protruding  out  of  the  crown 
or  ciliate  aperture  like  a  dim,  hazy  balloon,  and  then  being 
either  suddenly  or  gradually  exploded,  its  almost  invisible 
granular  contents  settle  around  and  increase  into  a  rather 
densely  punctuated  chud,  run  up  like  a  cumulus ;  its  tips  mostly 
warty  as  with  (dotted)  strawberries,  a  sort  of  primordial  "fram- 
boesia."  It  is  to  this  form  that  I  wish  to  call  particular  atten- 
tion, since  it  presents  the  most  minute  phase  of  individual  ani- 
mate life  visible  at  represent  under  the  known  powers  of 
the  microscope :  being  the  ultimate  retrograde  development- 
phase,  as  well  as  the  first  manifestation,  common  to  all  such 
soft  primitive  sarcode  bodies,  from  the  "  Vorticellan"  to  the 
most  bulky  "  Paramecian  "  forma  And  from  each  little  dot 
in  these  "clouds  of  life"  a  separate  Vorticella  can  be  seen 
to  develop !  It  is  here,  indeed,  at  this  first  visible  advent  or 
exordium  of  animate  life,  and  the  resurrection  of  millions  of 
germs  through  the  spontaneous  dissolution  of  a  single  one,  that 
the  last  nubecular  microscopic  perceptions  closely  resemble  the 
last  nebular  telescopic  as  well  as  the  theoretic  ones  of  Laplace's 
cosmogony. 

For  the  present  let  us  call  such  often  repeated  forms  of  retro- 
grade self-dissolution  and  self-multiplication  a  germinal  nubecula. 
Such  likewise  occur  in  a  very  closely  analogous  form  in  the 
self-maceration  (of  the  engulfed  pencil -beads  and  the  enlarged 
"  oidium"-joints)  of  the  yeast  or  "  zymotic  "  fungus.  The 
diiference  being,  that  in  the  case  of  animal  infusoria  the  dots 
remain  aflixed,  and,  after  jerking  apart,  rapidly  travel  on  sepa- 
rately with  a  vaccinating  motion  resulting  from  their  warped 
surface  {true  Zoogloea  Termo  Gohn ;  not  that  of  Khb\  while 
in  the  case  of  the  mucous  or  polypoid  fungine  diffluence  (er- 
roneously called  by  the  above  name  by  Klob\  the  component 
blunt-cvlindrical  Cacteria  are  not  mutually  fixed,  but  all  simnl- 
taneously  slowly  niov^e  onward  and  apart  in  slimy  trails,  with- 
out a  ])erccptible  rotation,  simply  (piiverintr,  and  ultimately 
enlarge  into  fibers.  Of  the  i/acZ:  or  ''indissoluble"  ncbnla-fomi 
of  the  zymotic  or  yeast-fun,o;us  I  have  already  treated  in  the 
St.  Louis  Me<lical  Reporter,  Jan.  1st,  1868,  (Zymotic  Condition, 
ele. )  and  Prc>e.  A.  A.  A.  S.,  1870,  et  (nite.  Neither  the  animal 
molecules  nor  the  (coated)  ''  Cacteria  ''  join  into  file,  as  do  the 
t'ermcntic  sarcode- vibrios,  being  naktd. 

The  watchful  observer  will  have  opportunity  of  witnessing 
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another  sort  of  "  fertile  dissolution,"  of  the  more  bulky  Vorti- 
cellsB,  by  the  discharge  of  certain  globular,  granular  "  pellets," 
surrounded  with  other  adhering  and  jerking  particles — (proba- 
bly the  "  acineta  "  of  some  authors) — while  containing  the 
*'  currant-shaped "  yolks, — hereafter  to  be  described,  together 
with  its  "amoeba"  or  pseudopodial  dissolution,  when  treating 
of  the  so-called  "  Paramecium  Aureliay 

[To  be  oontlnued.] 


Art.  V. — Chi  the  application  of  Photography  to  the  determination 
of  Astronomical  data  ;  by  AsAPH  Hall.* 

Any  one  who  has  witnessed  a  total  eclipse  of  the  sun  must 
have  felt  his  utter  inability  to  make  a  correct  description  of  the 
various  features  of  the  phenomenon,  and  must  have  wished  for 
some  means  by  which  all  these  features,  so  suddenly  and  so 
grandly  displayed,  might  be  portrayed  impartially  and  truth- 
rally  and  in  such  a  way  that  they  could  be  subjected  to  a  cool 
and  leisurely  examination.     Such  a  means  is  furnished  in  a 
good  degree  by  photography.     A  few  photographs  of  the  corona 
and  protuberances  of  a  total  eclipse  are  far  more  trustworthy 
than  all  the  hand  sketches  that  have  ever  been  made.     It  is 
true  indeed  that  by  the  union  of  several  obsen'^ers  and  each  one 
giving  his  attention  to  some  specific  point  much  may  be  learned, 
and  some  things  perhaps  that  photography  is  not  yet  able  to 
exhibit,  but  speaking  generally  we  may  say  that  photogmphy 
combines   the  powers  of  all  tnese  observers  and  furnishes  a 
record  admirable  for  its  truthfulness.     Photography  combines 
the  powers  of  all  these  observers  and  furnishes  a  record  admir- 
able for  its  truthfulness.     The  beautiful   photographs  of  the 
solar  eclipse  of  Aug.  1869  obtained  by  Prof  Morton  and  Dr. 
Curtis,  and  those  of  the  eclipse  of  1870  by  the  English  and 
American  parties  in  Spain  and  Sicily  attest  the  truth  of  this 
assertion ;  and  the  photographs  of  the  moon  by  Messrs.  Draper, 
Batherfurd  and  De  la  Rue  also  give  ample  evidence  of  the  value 
of  photography  when  applied  to  descriptive  astronomy.     But 
that  photography  gives  us  the  means  for  the  exact  measurement 
of  angles  and  distances  and  thus  of  determining  accurate  astro- 
nomical data  in  the  case  of  a  solar  eclipse  or  of  a  transit  of  a 
tlanet  does  not  yet  appear  to  be  clearly  established.     In  the 
ope  of  provoking  discussion  and  investigation  of  the  subject  a 
bnef  review  of  what  has  been  done  in  this  application  of  the 
photographic  method  seems  opportune,  especially  so,  consider- 
ing the  extensive  use  that  may  oe  made  of  tne  method  in  observ- 
ing the  transit  of  Venus  now  near  at  hand. 

♦  Read  before  the  Washington  Pliilosophical  Society. 
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The  first  photographs  of  double  stars,  made  for  the  purpose 
of  determining  by  micrometric  measurement  their  relative  an- 
gle of  position  and  distance,  were  those  of  Mizar  and  its  com- 
S anion,  made  at  the  Harv^ard  College  Observatory  in  April  and 
[ay,  1857,  by  Messrs.  Whipple  and  Black  of  Boston.  Professor 
G.  P.  Bond  has  given  in  the  Astronomische  Nachrichten,  No. 
1105,  the  results  of  his  measurements  of  the  thirteen  photo- 
graphic images.  The  zero  of  the  angle  of  position  was  foimd 
by  moving  the  telescope  in  right  ascension  after  an  impression 
had  been  taken  and  taking  a  second  one  on  the  same  plate. 
This  process  repeated  gave  a  series  of  photographic  images  on 
the  same  plate  and  the  right  line  passing  through  the  series 
gave  the  airection  of  the  daily  motion  of  the  heavens.  The 
probable  error  of  a  single  measurement  of  the  photographic 
distance  of  the  images  was  found  to  be  zfc  0'"12,  or  somewhat 
smaller  than  that  of  a  direct  measurement  with  the  common 
filar  micrometer.  During  the  summer  of  1857  many  more 
photographs  of  this  double  star  were  taken,  and  in  the  journal 
above  mentioned,  No.  1129,  Prof.  Bond  has  given  an  elaborate 
account  of  the  measurement  of  sixty -two  photographic  images. 
For  this  measurement  of  these  images  a  new  and  improved  micro- 
meter was  employed,  consisting  of  an  achromatic  microscope  with 
a  magnifying  power  of  2200.  Under  this  microscope  tne  star 
images  appeared  as  aggregations  of  minute  drops  of  matter  and 
looked  like  the  result  of  a  great  number  of  vibrating  and 
momentary  impressions.  They  were  generally  symmetrical  with 
a  gradual  condensation  toward  the  center  of  the  image,  and 
the  bisection  of  an  image  with  the  wire  of  the  micrometer  could 
be  done  with  great  exactness.  The  probable  error  of  the  center 
of  an  image  was  found  to  be  zfc:0*''051,  and  hence  that  of  the 
distance  of  two  such  centers  to  be  zfc0*"072.  Adopting  the 
estimate  of  Struve,  it0*''127,  as  the  probable  error  of  a  single 
measurement  of  a  double  star  of  this  class  with  a  filar  microme- 
ter, the  measurement  of  the  photographic  images  would  have  a 
relative  value  three  times  greater,  or  =  (S'if  J).  The  accuracy 
of  the  measurement  is  better  shown  by  the  numerical  results 
obtained  by  Prof  Bond,  which  are  as  follows : 


in  ExpoBore. 

Distance. 

No.  of  images 

13* 

14''-31  ±  0-034 

7 

16 

14  -19  zb  0-035 

1 

18 

14  -18  ±  0-033 

8 

24 

14  -23  ih  0-035 

8 

25 

14  -15  db  0-034 

30 

14  -28  dt  0-034 

i 

33 

14  -19  ih  0-033 

8 

30 

14  -20  zh  0-032 

10 

24-5 

14  -21  dz  0-013 
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The  application  by  Prof  Bond  of  photography  to  stellar 
astronomy  was  confined  to  stars  brighter  than  the  seventh  mag- 
nitude, and  with  the  hope  probably*  of  finding  some  encourage- 
ment of  obtaining  photographs  of  much  fainter  stare,  he  has 
discussed  very  fully  in  the  Astronomische  Nachrichten,  No. 
1168  and  1159,  the  effect  of  increasing  the  times  of  exposure  of 
the  photographic  plates.  The  result  which  he  arrives  at  is  that 
*'  dmciency  of  light  can  be  more  than  compensated  for  by  a 
proportionate  increase  in  the  time  of  exposure ;"  and  concludes 
that  an  exposure  of  ten  minutes  with  the  Cambridge  Equatorial 
would  give  a  photographic  image  of  a  star  of  the  ninth  magni- 
tude. This,  nowever,  appears  to  be  a  question  that  can  be 
decided  only  by  actual  experiment 

The  last  essay  referred  to  closes  Prof  Bond's  work  in  stellar 
photography.     He  intended  to  resume  the  subject  and  was  con- 
fident of  oeing  able  to  make  photographic  images  of  stare  down 
to  the  ninth  magnitude,  but  failing  health  and  a  desire  to  finish 
his  work  on  the  great  nebula  in  Orion  prevented  him  from  un- 
dertaking any  further  experiments.     Ha-ving  participated  in  the 
work  of  measuring  the  photogi'aphic  images  and  m  reducing 
the  measurements,  and  having  a  vivid  remembrance  of  the 
labor  performed,  I  take  the  liberty  of  stating  my  own  estimate 
of  the  two  methods  of  observing  double  stare,  viz :  the  photo- 
graphic method  and  that  of  direct  measurement  with   a  filar 
micrometer  or  heliometer.     In  the  case  of  double  and  triple 
stars  I  have  no  doubt  that  the  better  method  is  that  of  direct 
measurement     The  labor  of  setting  the  circles  and  finding  the 
star  is  common  to  both  methods,  but  during  the  time  required 
to  adjust  properly  the  clock  work  and  make  a  series  of  photo- 
graphic images  a  practised  observer  would  make  and  reduce  a 
series  of  direct  measurements.     It  is  thus  possible  by  the  direct 
method  more  easily  to  repeat  the  observation  under  varied 
conditions  of  atmosphere,  observer  and  instrument,  and  in  this 
way  to  rend<?r  the  nnal  result  less  liable  to  systematic  errore. 
It  is  true  that  according  to  Prof  Bond's  calculations,  the  photo- 
graphic method  is  decidedly  the  more  accurate,  but  some  ex- 
perience makes  one,  I  think,  distrustful  of  inferences  drawn 
irom  the  values  of  probable  errors.     The  most  dangerous  errore 
of  observation  are  those  that  are  constant  or  systematic,  and 
these  the  theory  of  probability  does  not  and  can  not  recognize. 
It  is  this  class  of  errore  which  is  the  source  of  the  large  discor- 
dances frequpntly  seen  in  different  determinations  of  the  same 
quantity  while  each  single  determination  has  apparently  a  very 
small  probable  error.     It  should  therefore  be  the  care  of  the 
observer  to  vary  the  circumstances  of  his  observation  in  order 
to  avoid  systematic  error,  or  to  give  it  as  much  as  possible  the 
nature  of  those  irregular  errore  which  in  the  long  run  tend  to 
diminate  themselves.     Finally,  it  may  be  stated  as  a  general 
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rule  that,  other  things  beinff  equal,  the  simpler  and  more  direct 
the  method  of  observing,  the  better.  In  order  to  justify  the 
interposition  of  any  new  process  it  must  be  shown  that  this 
process  gives  greater  accuracy  or  greater  rapidity  of  observing 
or  both.  Thus  the  chronographic  method  of  observing  transits 
is  justified  on  the  ground  that  it  gives  greater  ease  and  rapidity 
of  observing,  since  the  gain  in  accuracy  is  scarcely  sensible. 

In  the  case  of  groups  of  stars  like  the  Pleiades  or  Praesepe 
there  would  be  a  great  advantage  in  using  the  photograj)hic 
method  provided  the  plates  could  be  made  sufficiently  sensitive, 
so  that  images  of  stars  of  the  ninth  and  tenth  magnitudes  could 
be  obtained.  Mr.  Rutherfurd,  who  has  done  so  much  in  as- 
tronomical photography,  has  made  photographs  of  both  the 
groups  mentioned,  and  from  his  plates  Dr.  fe.  A.  Gould  has 
deduced  positions  of  the  stars.  Dr.  Gould's  memoir  on  the 
Pleiades  was  presented  to  the  National  Academy  five  years 
ago,  and  it  is  to  be  regretted  that  it  is  not  yet  published. 

The  first  application  of  photography  to  determine  the  times 
of  contact  in  a  solar  eclipse  was  made  by  Mr.  Warren  De  la 
Rue  in  the  case  of  the  eclipse  of  July,  1860.  In  the  Philosophi- 
cal Transactions,  of  the  Royal  Society  of  London,  1862,  Mr. 
De  la  Rue  has  given  a  full  account  of  his  work,  together  with 
an  engraving  and  description  of  the  micrometer  employed  for 
measuring  the  photographs.  The  Kew  heliograph  was  used  in 
obtaining  the  photographs,  an  instrument  designed  by  Mr.  De 
la  Rue  for  the  purpose  of  making  photographs  of  the  Sun's 
disk.  By  means  of  a  Huyghenian  eye-piece  the  image  of  the 
sun  was  enlarged  to  a  diameter  of  nearly  four  inches.  Two 
position  wires  at  nght  angles  to  each  other  were  placed  in  the 
focus  of  the  eye-piece  at  an  angle  of  nearly  45°  to  a  parallel  of 
declination,  and  the  final  correction  to  the  position  of  these 
wires  was  found  by  observing  transits  of  the  sun's  limbs  after 
the  method  proposed  by  Mr.  Carrington.  The  wires  being 
photographed  on  the  plates  their  images  furnished  a  means  of 
finding  tne  zero  of  position,  and  the  plates  were  measured  for 
the  position  angles  of  the  cusps  and  their  chords,  also  the  radii 
of  the  sun  and  moon  and  tne  positions  of  their  centers.  By 
comparing  the  interval  of  time  of  two  consecutive  photographs 
with  tlie  measured  position  of  the  centers,  the  relative  motion 
of  the  sun  and  moon  was  deduced  and  hence  the  times  of  con- 
tact which  au'ree  tolerably  well  witli  each  other,  but  not  so  well 

* 

perhaps  as  those  of  the  ordinary  direct  ohseryation.  The  value 
in  arc  of  a  single  division  of  the  measuring  scale  was  found  by 
measuring  on  the  plates  the  radius  of  the  sun  in  parts  of  the 
scale  and  then  assuming  a  value  of  the  sun's  radius.  A  very 
doal)tfiil  correction  of  —  4:'"1  is  deduced  for  the  sum  of  the  semi- 
diameters  of  the  sun  and  moon. 
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Mr.  De  la  Rue  speaks  of  having  made  some  observations  to 
determine  whether  in  the  process  of  drying  the  images  had  un- 
dergone any  distortion,  ana  says :  "  The  result,  however,  proved 
that  there  was  no  appreciable  contraction,  except  in  thickness, 
and  that  the  coUooion  film  did  not  become  distorted,  provided 
the  rims  of  the  glass  plates  had  been  well  ground."  This  point 
being  a  fundamental  one  appears  worthy  of  further  investiga- 
tion. There  is  some  uncertainty  and  vagueness  about  Mr.  De 
la  Rue's  methods  which  do  not  give  much  confidence  in  the 
accuracy  of  his  results,  but  on  the  whole  he  appears  to  have 
shown  that  the  photographic  method  promises  good  results 
which  is  all  perhaps  that  a  first  trial  could  be  expected  to  do. 

The  next  and  last  memoir  published  on  this  subject  is  that 
by  Messrs.  De  la  Rue,  Balfour  Stewart  and  Benjamin  Loewy,  on 
Solar  Physics,  Philosophical  Transactions,  1869,  giving  an  ac- 
count of  the  positions  and  areas  of  the  sun-spots  observed  with 
the  Kew  photoheliograph  during  the  years  1862  and  1863.     In 
order  to  determine  the  heliographical  latitude  and  longitude  of 
a  spot  two  elements  are  required,  viz :  its  angle  of  position  and 
its  distance  from  the  sun's  center  at  the  time  of  observation. 
These  elements  were  obtained  by  measuring  the  photographic 
plates,  the  position  wires  being  similar  to  those  useid  by  Mr.  De 
la  Rue  in  the  solar  eclipse  of  1860,  and  their  zero  being  deter- 
mined in  the  same   manner.     This  memoir  contains  a  large 
amount  of  interesting  information  concerning  the  position  and 
areas  of  the  solar  spots,  but  the  determinations  of  position  are 
vitiated  in  some  degree  by  the  optical  distortion  of  the  instru- 
ment    The  observers  at  Kew  have  made  experiments  to  deter- 
mine the  andount  of  distortion,  but  no  definitive  result  has  yet 
been  reached.     They  say  that  the  following  facts  mav  be  re- 
garded as  established :  "  1st,  that  the  image  of  any  object  pho- 
tographically depicted  is  liable  to  a  distortion,  which  varies  at 
different  distances  from  the  center  of  the  field,  and  the  amount 
of  which  may  be  determined  for  every  instrument  by  methods 
nmilar  to  that  employed  by  ourselves ;  2d,  that  in  our  case  the 
image  of  an  object  is  larger  when  formed  near  the  edge  of  the 
field  than  at  the  center,  and  that  the  amount  of  elongation  of  a 
unit  of  length  at  the  center  increases  with  its  distance  from  the 
center."     Their  conclusion  is  that  the  inquiry  is  not  suflBciently 
far  advanced  to  justify  any  corrections  of  the  positions  of  the 
apots  on  account  of  the  effect  of  distortion,  but  tney  express  the 
tope  that  at  last  they  will  be  able  to  give  thoroughly  satisfac- 
to^  constants  for  the  effect  of  displacement  in  their  instrument. 
The  photographs  of  the  solar  eclipse  of  August,  1869,  have 
not  yet  Deen  measured  and  discussed  so  far  as  I  know,  but  it  is 
pretty  certain  that  all  the  images  are  affected  by  distortion 
which  will  in  a  measure  render  the  results  dependent  and  un- 
trustworthy.    It   is  to  be  hoped,   however,   that  these  pho- 
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tographic  plates  will  be  subjected  to  a  careful  examination  in 
order  that  some  estimate  may  be  made  of  the  extent  of  error  to 
which  they  are  liable.  In  the  case  of  a  solar  eclipse,  or  of  a 
transit  of  a  planet  over  the  sun's  disk  the  photographic  method 
has  very  great  advantages  over  the  observations  of  contact  in 
many  respects,  and  the  errors  to  which  it  is  subject  are  worthy  of 
the  most  thorough  investigation.  The  observation  of  a  contact 
is  uncertain  on  account  of  irradiation,  and  it  is  momentary  also, 
so  that  if  lost  by  a  cloud,  or  in  any  way,  the  observer  is  com- 
pelled to  view  for  several  hours  the  phenomenon  without  being 
able  to  observe  it  On  the  other  hand  when  the  sky  is  clear  a 
photographic  image  can  be  obtained  in  an  instant,  and  even  if 
all  the  contacts  be  lost,  valuable  results  might  be  secured  if  the 
readings  of  the  photographic  plates  can  be  correctly  reduced 
Just  here  then  is  the  point  for  experiment,  investigation  and 
invention,  since  it  is  most  desirable  that  no  doubt  should  remain 
as  to  the  possibility  of  correctly  measuring  and  reducing  the 
photographic  observations  of  the  transit  of  Venus. 

Mar.  25,  1871. 


Art.  VL — On  Balstonite,  a  new  Fluoride  from  Arksut-Fiord;  by 

Geo.  J.  Brush. 

The  recent  exploitation  of  the  Greenland  cryolite  has  not 
only  led  to  the  discovery  of  crystallized  cryolite,  but  has  given 
to  mineralogical  science  several  new  fluorides,  two  of  which, 
thomsenolite  and  pachnolite,  are  found  in  beautiftil  crystallized 
forms. 

I  now  call  attention  to  another  fluoride  observed,  a  few 
months  since,  by  Rev.  J.  Grier  Ralston  of  Norristown,  Pa.  Mr, 
Ralston  found  a  mineral  in  minute  octahedrons  associated  with 
thomsenolite,  and  being  unable  to  identify  it,  he  sent  it  to  Prof 
Dana,  by  whom  the  specimens  were  passed  over  to  me  for  ex- 
amination. 

The  crystals  of  the  new  mineral  are  octahedral ;  and  in  some 
cases  they  are  very  minute,  but  occasionally  one  to  one-and-a- 
half  millimeters  in  diameter.  They  are  often  implanted  on  the 
thomsenolite  crystals,  and  also  apparently  intercrystallized  with 
this  species,  making  it  extremely  difficult  to  separate  the  new 
mineral  suiticiently  pure  for  analysis.  The  planes  of  the  octa- 
hedron are  often  tinged  slightly  yellow,  and  many  of  them  are 
dull  and  iridisccnt,  owing  to  an  excessively  thin  film  of  oxide  of 
iron,  and  hence  exact  measurement  of  the  inclinations  of  the 
faces  cannot  be  made.  But  tliey  appear  to  be  symmetrical  with 
equilnteral  faces,  and,  in  some  cases,  have  all  the  solid  angles 
replaced  by  a  minute  plane.     With  so  regular  a  habit  and  the 
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les  alike  in  lustre  I  cannot  doubt  that  thev  are  isometric 
ihedrons,  and  hence  that  the  small  plane  on  the  angles  is  a 
ic  plane. 
ITbe  mineral  is  colorless  to  white,  with  a  vitreous  luster,  and 

a  hardness  greater  than  fluorite,  equal  to  about  4*5. 
wific  gravity,  taken  on  25  milligrams,  gave  24. 
n  the  closed  tube  the  mineral  whitens,  yields  water  at  first, 
d  gives  off  fumes  and  a  copious  white  sublimate,  while  the 
Is  of  the  tube  are  etched.  The  vapor  in  the  tube,  as  well 
he  water,  reacts  acid.  Even  at  a  very  elevated  temperature 
heated  fragment  retains  its  original  form  and  does  not  iuse. 
Ae  open  tube  the  mineral  gave  similar  reactions. 
I.B.  on  charcoal  a  faint  white  sublimate  was  observed.     In 

platinum  forceps  the  mineral  whitens  without  fusion  and 
>r8  the  flame  a  soda-yellow  ;  moistened  with  sulphuric  acid 
;  coloration  was  unchanged.     Heated  with  cobalt  solution  in 

platinum  forceps  the  mineral  assumed  a  bright  alumina- 
e.  In  salt  of  phosphorus  the  substance  was  readily  dis- 
red,  giving  a  colorless  bead  in  both  0.  and  RF.  In  a  soda 
d  it  dissolved  with  effervescence. 

[Tie  mineral  was  found  on  close  examination  with  a  magni- 
to  be  so  intimately  associated  with  thomsenolite,  that  it  was 
med  impracticable  to  separate  a  sufficient  quantity  for  any 
ig  more  than  a  preliminary  qualitative  examination  in  the 
,  way.  A  small  portion,  some  80  milligrams,  selected  with 
sit  care  to  ensure  purity,  was,  decomposed  in  a  platinum  cap- 
3  by  sulphuric  acid.  It  gave  off  fluohydric  acid,  etching  a 
ss  plate,  and  on  solution  it  gave  with  reagents  a  precipitate 
alumina,  with  evidences  of  the  presence  of  lime  and  soda, 
th  the  spectroscope,  the  pure  mineral  alone  gave  only  the 
a  line,  but  when  even  a  very  minute  speck  of  thomsenolite 
\  associated  with  it,  the  lime  line  was  very  marked.  The 
ition  from  which  alimiina  was  separated  afforded  on  evapora- 
1  to  dryness  a  minute  residue,  which,  when  examined  with 
spectroscope,  gave  both  soda  and  lime  lines. 
[t  therefore  appears  that  the  mineral  under  examination  is 
entiaUy  a  hydrous  fluoride  of  aluminum*  with  probably  a 
ftil  amount  of  calcium  and  sodium.  Its  isometric  form,  and 
infiisibiUty,  distinguishes  it  from  all  other  fluorides  yet  de- 
ibed  as  occurring  at  the  cryolite  locality  in  Greenland, 
rhe  only  mineral  which  in  general  chemical  characters 
)ioaches  it  is  the  fluellite  from  Stenna-Gwyn  in  ComwalL 
is  rare  mineral,  according  to  WoUaston,  is  a  fluoride  of  alu- 
aum,  but  it  occurs  in  elongated  orthorhombic  octahedrons, 
ese  fects  are,  I  think,  sufficient  to  warrant  the  conclusion  that 
5  Greenland  octahedral  mineral  is  a  new  fluoride,  and  I  pro- 
se for  it  the  name  Ralstoiiite^  after  its  discoverer. 


( 
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Art.  Vn. — Notes  on  the  Primordial  Rocks  in  the  vicinity  of  Troy, 

N.  Y, ;  by  S.  W.  Ford. 

In  view  of  the  prevailing  uncertainty  respecting  the  age  of 
the  rocks  of  that  portion  of  the  Taconic  series  of  Professor 
Emmons  lying  east  of  the  Hudson  river,  I  was  led  several  years 
ago  to  undfertake  the  investigation  of  some  of  these  rocks  in  my 
own  neighborhood,  though  I  had  but  few  hopes  of  learning  any- 
thing essentially  new  about  thena.  It  soon  became  apparent 
that  much  valuable  information  might  be  obtained  from  them; 
and  from  certain  facts  which  early  came  under  my  observation 
I  was  induced  to  continue  their  study.  I  propose  here  to 
notice  briefly  some  of  the  more  noteworthy  results  thus  far 
obtained. 

The  rocks  immediately  east  of  the  Hudson  at  Troy  are  fine 
black,  glazed  shales,  with  occasional  sandy  layers,  and  have 
usually  been  regarded  as  belonging  to  the  Hudson  River  fotma- 
tioiL  They  have  been  greatly  crushed,  but  their  general  dip  is 
evidently  eastward,  and  at  a  high  angle.  They  extend  eastward 
about  half  a  mile,  and  form  a  hill  of  considerable  magnitude 
within  the  city  limits.  Following  the  course  of  this  hill  north- 
ward, we  find  them  frequently  well  exposed  in  railway  cuttings, 
and  before  reaching  Lansingburgh,  which  is  three  miles  distant, 
in  a  bold  elevation  several  hundred  feet  in  height 

The  only  fossils  which  these  shales  have  afforded,  are  the  ob- 
scure form  described  under  the  name  of  Discophylum  peliatim 
(Pal.  N.  Y.,  voL  i,  p.  277,  plate  Ixxv,  fig.  8),  and  two  or  three 
species  of  graptolites,  the  latter  having  been  but  recently  ob- 
tained. The  graptolites  resemble  closely  certain  well  kno\<rn 
Hudson  river  forms,  but  whether  certainly  identical  I  am  at 
present  unable  to  state.  If  truly  Hudson  nver  shales,  then  the 
absence  of  any  other  fossils  in  these  ixxjks  except  those  above 
mentioned  appears  not  a  little  remarkable. 

Upon  the  east,  after  an  interval  of  concealment  varying  some- 
what in  different  localities,  these  shales  are  followed  oy  the 
widely  different  ibcks  of  the  **  Taconic  "  series  likewise  dipping 
eastward,  and  apparently  at  about  the  same  angle.  The  oest 
exposures  of  these  rocks  in  this  vicinity  occur  opposite  the  cen- 
tral portion  of  the  city,  where  they  are  brought  to  view  in  a 
nuni  Dcr  of  abrupt,  quickly  concealed  outcrops.  These  outcrops 
trend  northerly  ana  southerly,  and  appear  to  be  all  constructed 
upon  the  same  pattern,  having  on  the  west  a  steep,  on  the  east 
a  more  gradual  slope.  Only  the  western  faces  a^c  natunillT 
exposed.  This  uniformity  of  structure  is  very  striking,  and 
there  are  reasons  for  believing  that  it  has  resulted  largely  from 
successive  short,  sharp  folds  in  the  strata,  of  which  we  have  a 
fine  example  in  the  rocks  east  of  Lansingburgh ;  but  as  nearly 
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the  whole  district  is  covered  with  a  thick  sheet  of  drift,  and  the 
rocks  bear  evidence  of  extensive  faulting,  much  farther  study 
will  be  necessary  before  it  will  be  iuUy  understood. 

These  outcrops  generally  consist  for  the  most  part  of  coarse 
red  and  yellow  weathering  slates  and  shales,  with  occasional 
thin-bedded  sandstones ;  but  the  most  of  them  are  supposed, 
and  four  of  them  are  known,  to  hold  subordinate  limestone  de- 
poBit&  Of  these  deposits  the  two  western-most  individually  con- 
sist of  a  few  courses  of  thick-bedded  limestone,  and  of  irregular, 
sometimes  lenticular,  sparry  and  frequently  pebbly  masses,  vary- 
ing fiom  one  to  several  hundred  pounds  m  weight,  imbedded 
in  a  coarse,  dirty-looking  arenaceous  matrix ;  while  the  others 
form  tolerably  compact,  even -bedded  limestones,  with  an  abun- 
dance of  scattered  black  nodules,  from  twenty-five  to  thirty  feet 
in  thickness. 

So  far  as  investigated,  these  limestones  have  been  found  to 
be  highly  fossiliferous,  though  the  fossils  are  usually  in  a  very 
fingmentaiy  condition.  From  two  of  them— one  of  the  con- 
glomerates and  one  of  the  even-bedded  masses — the  writer  has 
made  frequent  collections  during  the  last  three  years.  With  a 
single  exception  the  same  species  occur  in  both.  Up  to  the 
present  time  they  have  yielded  eighteen  species,  which  are  dis- 
tributed as  follows: 

Protozoa  {ArchcBOcyathiis) 1  species. 

Brachiopoda ^ 7  " 

Lamellibranchiata 1  " 

Gasteropoda 1  " 

Pteropoda  {Byolithes) 2  " 

Annelida   (SaUereUa) 1  " 

Crustacea 6  " 

Total,"!?       " 

Of  these,  six — OboleUa  {Aviculaf)  desquamata  (Hall),  0.  {Or- 
hiculaf)cra8sa  (H.),  0.  {Orbicula)  cQeZato(H.),  Metapiornas  rugosa 
(H.),  Tlieca  triangularis  (H.),  and  Agnostus  lobatus  (BL) — were 
fiffured  and  described  in  the  first  volume  of  the  Paleontolo^jr 
of  New  York  in  1848,  from  this  locality ;  and  two — Conoceph- 
ahu  {Atops)  trilineatas  (Emm.)  and  OleneUus  {Olenus)  asaphoides 
(H.),  fix)m  Greenwich,  Washington  county.  All  the  rest  are  new 
or  ondescribed.* 

Desiring  ftirther  information  in  regard  to  certain  of  these  new 
species,  I  several  months  since  wrote  Mr.  E.  Billings,  Paleon- 
tologist of  the  Geological  Survey  of  Canada,  at  the  same  time 
giving  him  a  list  of  the  species  in   my  possession  from  this 

^  Unless  one  of  tliem  should  prove  identical  with  the  species  of  Oypricardia 
flgored  hf  Emmons  (American  Geolotry,  p.  llS,  pluto  I,  fig.  1.) 
Ax.  JouB.  Sol— Third  Sbrtbs,  Vol.  II,  No.  7.— Jult,  1871. 
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quarter.  In  reply  Mr.  B.  informed  me  that  he  was  just  then  en- 
gaged upon  a  collection  of  new  fossils  from  the  Lower  Potsdam 
formation  below  Quebec,  which  he  strongly  suspected  to  be 
identical  with  my  own ;  and  on  comparison  it  was  found  that 
fifteen  out  of  the  eighteen  species  from  Troy  were  held  by  us  in 
common,  and  shown  to  be  perfectly  identical.  Such  an  un- 
looked  for  result  of  course  surprised  us  greatly.  That  the  Lower 
Potsdam  formation  below  Quebec,  and  the  western  portion  of 
the  Taconic  series  near  Troy*  are  of  the  same  age,  there  seems 
now  but  little  room  for  doubt 

Two  very  characteristic  fossils  of  this  formation  are  the 
opercula  of  two  species  of  Hyolithes,  upon  which  I  communi- 
cated a  note  in  the  preceding  number  of  this  Journal.  One  of 
them  was  there  described  as  a  "minute,  circular  species,  with 
four  pairs  of  lateral  muscular  impressions  and  two  smaller,  dor- 
sal, all  radiating  from  a  point  near  one  side ;"  the  other  as  "  larger, 
and  like  a  Disdna  on  the  outside."  The  former  occurs  quite 
abundantly  in  the  Troy  limestones,  and  is  a  very  beautiful  Bttle 
object  It  varies  in  size  from  a  mere  point  to  a  diameter  of 
three  lines.  Perfect  specimens  have  a  rich,  polished  appear- 
ance. The  other  occurs  more  rarely.  As  might  naturally  be 
expected,  these  rocks  contain  immense  numbers  of  Syolithes. 
Indeed,  large  portions  of  the  limestone  are  often  almost  wholly 
composed  of  tnem. 

Without  doubt  this  formation  in  New  York  will  yet  afford 
many  new  species.  The  even-bedded  limestones  east  of  Troy, 
to  which  especial  attention  has  been  given,  as  well  as  portions 
of  the   conglomerates,  are  literally  loaded   with   fossils,   and 

?romise  richly  to  repay  investigation  for  a  long  time  to  come, 
'heir  associated  slates,  shales  and  sandstones  nave  as  yet  af- 
forded no  fossils.  Near  Lansingburgh,  however,  where  what  is 
at  present  regarded  as  a  lower  member  of  the  formation,  con- 
sistmg  of  heavy  and  thin-bedded  gray  sandstones  with  inter- 
stratified  black  slates,  is  exposed,  a  few  obscure  Pucoids  have 
been  found,  but  these  rocks  have  been  but  imperfectly  investi- 
gated. Neither  the  thickness  nor  precise  eastern  limit  of  this 
formation  has  yet  been  ascertained. 

Troy,  N.  T.,  May  24,  1871. 

♦  These  rocks  have  hitherto  been  referred,  though  with  some  doubt,  to  the  Cal- 
ciferous  portion  of  the  Quebec  Group ;  but  all  modem  investigations  in  our  older 
strata  have  steadily  pointed  to  their  higher  antiquity ;  and  it  is  simply  justice  to 
state  that,  by  several  geologists  besides  those  who  have  adopted  Prof.  Emmons' 
views  of  their  age,  this  has  long  been  suspected 
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Abt.  VIIL — Notice  of  some  new  Fossil  Mammals  from  the  Tertiary 
Formation  ;  by  Professor  0.  C.  Marsh  of  Yale  College. 

In  association  with  the  Eeptilian  fossils  collected  by  the 
Yale  College  party  last  summer,  and  already  described  in  this 
Journal,*  numerous  remains  of  Mammals  were  also  discovered, 
and  in  the  following  article  some  of  the  more  interesting  new 
species  are  briefly  characterized.  A  few  species  from  the  other 
Tertiary  lake-basins  of  the  Eocky  Mountains  have  been  included, 
as  they  throw  considerable  light  on  the  ancient  sub-tropical  fauna 
of  that  region.  The  present  notice  is  merely  preliminary  to  a 
full  description,  with  illustrations,  now  in  course  of  preparation. 

Titanotherium  f  ancepSj  sp.  nov. 

The  largest  extinct  mammal  discovered  by  our  party  in  the 
Green  Eiver  basin  was  apparently  one  of  the  rarest ;  and  the 
remains  obtained,  althouffh  in  themselves  characteristic,  include, 
unfortunately,  none  of  the  teeth  sufficiently  well  preserved  to 
afford  generic  characters.  The  single  species  thus  indicated  has 
accordingly  been  referred,  with  a  doubt,  to  the  genus  Titano- 
therium, seemingly  a  near  ally,  until  the  discovery  of  additional 
material  clears  up  the  question  of  its  exact  affinities. 

The  specimens  discovered,  which  evidently  pertained  to  three 
different  individuals,  mainly  consist  of  several  dorsal  vertebrae, 
the  distal  end  of  a  humerus,  the  greater  portion  of  a  tibia,  and 
some  of  the  smaller  bones  of  the  extremities.  They  indicate  a 
.  Pachyderm,  much  larger  than  any  other  known  mammal  from 
the  same  deposits,  and  about  two  thirds  the  size  of  Titanothe- 
rium Prouti,  from  the  Tertiary  basin  east  of  the  Eocky  Moun- 
tain&  The  anterior  dorsal  vertebrae  preserved  have  botn  articu- 
lar &ces  slightly  concave,  thus  distinguishing  the  species  at  once 
from  71  Prouti,  which  has  in  this  part  of  the  series  the  front  ver- 
tebral fece  very  convex,  and  the  posterior  face  concava  Another 
marked  difference  is  seen  in  the  tibia,  which  at  its  proximal  end 
has  the  femoral  articular  surfaces  contiguous,  with  no  prominent 
elevation  between  them,  resembling  in  this  respect  some  of  the 
Proboscidea. 

Measurements, 

Length  of  anterior  dorsal  vertebra,  on  lower  sur- 

fisuse, 2  inches  2  lines. 

Width  of  posterior  face  between  rib  cavities, 3 

Height  of  posterior  face, 2 

Transverse  diameter  of  tibia  at  proximal  end, 4 

Fore  and  aft  diameter, 4 

Transverse  diameter  at  distal  end, 3 

Fore  and  aft  diameter, 3 

♦  Vol  i,  1871,  pp.  192,  322,  and  447. 


«       6 

"    10 

"      3 

"     11 

"      3 
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T-e  remains  were  found  by  lie^i^  WaniL  and  the  writer,  in 
iL-e  *"  Manraises  Terres "  depjisits.  near  Sage  Creek.  Western 
WjoTT.iiig,     The  geoLogkal  norizoa  is  lower  Miocene;  or  per- 

Pisdatyryyp^  mmar,  spt  nov. 

TLis  species  is  indicated  by  a  molar  tooth,  from  the  right 
loTrer  jaw.  and  probablj  bv  scsne  other  less  characteristic  re- 
niair^.  The  tooth,  which  is  apparently  &om  near  the  middle 
of  tlr:  series,  is  of  the  Pijoto^hmum  tvpe.  and  nearly  resembles 
in  iis  zanlzi  characters  the  corresponding  molar  of  Palceosi/ops, 
Tee  onjTm  is  compDsed  of  two  onited,  antero-posterior  lobes, 
w::a  ":^resi?ent-shaped  sammits.  The  anterior  lobe  is  the  more 
elevatiiii.  and  the  posterior  has  a  greater  fore  and  aft  extent 
Tne  aiiimal  thus  represented  was  apparently  about  as  lai^  as 
the  Soa:h  American  Tapir,  and  less  than  one  half  the  size  of 
PaLxo^yyps  paludosuM  Leidy«*  ^m  the  same  depositSL 

Antero-pofterior  diameter  of  lower  mcrfar, 10    lines. 

Transrerse  diaineter  of  firont  lobe,  at  saBunit, 5*     ^ 

TransverK  diameter  of  potterior  lobe,  at  summit, 5*6   *^ 

The  onlv  known  specimens  of  this  species  were  found  by  the 
writer  at  Grizzly  Buttes.  near  Fort  Bridger,  Wyoming,  in  the 
game  deposits  as  the  preceding  specie& 

Lophiodon  Bairdianus^  sp.  noT. 

Trie  remains  on  which  this  species  is  based  consist  of  portions 
of  several  skeletons,  with  numerous  teeth  which  show  consid- 
erable variation  in  size  and  other  characters  of  minor  import- 
ance. The  various  specimens  indicate  an  animal  somewhat 
smaller  than  the  modem  Tapir  of  South  America,  but  much 
larger  than  the  Lophiodon  modfstus.f  tbunded  by  Dr.  Leidy  on 
a  tooth  from  the  same  Tertiarj-  beds  that  afforded  the  fossils 
under  consideration.  From  the  latter  species,  so  fiu*  as  it  is  now 
known,  the  present  specimens  may  be  readilv  distinguished, 
moreover,  by  the  enamel  of  the  te^th,  which,  instead  of  being 
coarsely  wrinkled,  is  nearly  smooth,  or  marked  by  very  delicate, 
irregular  striae. 


Length  of  portion  of  upper  jaw,  enclosing  the  three  pos- 

rior  molars *25*    lineh. 

Aritero-p«'j«terior  «lLimeter  of  last  upper  molar 9'       ** 

Transverse  •liamet*rr  of  same, 10*25   " 

Length  of  fragment  of  lower  jaw  with  three  posterior 

molars, 25*        " 

♦  ProceedloTs  PbJli-ielphui  A^^iie:.:;-  of  Xatu-al  Sciences.  ISTO.  p.  113. 
f  Proceedings  Philadelphia  Ac::ierjv  or'  Nar^rai  ScieLoes,  IS70.  p.  109. 
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The  specimens  now  representing  this  species,  which  is  one  of 
lie  most  common  fossil  mammds  in  the  earlier  Tertiaiy  of 
W^estem  Wyoming,  were  found  by  G.  B.  Grinnell,  J.  W.  Gris- 
pvold,  C.  W.  Betts,  A.  BL  Ewing,  J.  M.  Eussell,  and  the  writer. 
It  various  localities  near  Fort  Bridger,  and  on  the  White  River, 
in  Eastern  Utah.  The  species  is  named  in  honor  of  Professor 
3.  R  Baird,  of  the  Smithsonian  Institution. 

Lophiodan  affinis,  sp.  nov. 

A  second  and  somewhat  smaller  species  of  the  same  genus, 
jlosely  allied  to  the  preceding,  is  indicated  by  various  frag- 
[nentaiy  remains,  including  several  molar  teeth  in  an  excellent 
jtate  or  preservation.  A  comparison  of  the  last  upper  molar 
with  that  of  L.  BairdianuSj  shows,  aside  from  the  smaller  size, 
a  marked  difference,  especially  in  the  contour  of  the  crown, 
which  has  a  deep  notch  in  the  outer  posterior  margin  of  the  base, 
between  the  external  tubercles  in  which  the  transverse  ridges 
terminate.  In  the  species  just  described,  the  margin  is  here 
nearly  straight  The  present  specimen,  moreover,  has  the  small 
anterior  external  tubercle  more  prominent,  and  less  closely  con- 
nected with  the  adjoining  ridge.  This  tooth  is  larger  than  the 
corresponding  one  of  Lophiodon  modestusj  and  has  ^uite  different 
proportions.  The  enamel,  also,  is  similar  to  that  m  the  preced- 
ing species. 

Measurements. 

Antero-posterior  diameter  of  last  upper  molar. I'l  lines. 

Transverse  diameter  of  same, 8*3      " 

Antero-posterior  diameter  of  penultimate  upper  molar,  8*        " 

Transverse  diameter  of  same, 8*        " 

The  principal  specimens  on  which  this  species  is  established 
were  found  by  BL  D.  Ziegler,  in  the  Mauvaises  Terres  beds,  near 
Marsh's  Fork,  Wyoming. 

Lophiodon  nanus^  sp.  nov. 

A  small,  well  marked  species,  apparently  of  the  cenus  Lophio- 
don^ is  represented  by  a  number  of  fossils  coUectea  by  the  Yale 
party  at  various  localities.     The  most  characteristic  of  these 
specunens  is  a  right  upper  jaw  containing  a  series  of  four  pre- 
molars, and  three  molars,  and  part  of  the  corresponding  left  jaw 
with  several  teeth  of  the  same  animal     The  molars  differ  es- 
pecially from  those  of  the  two  preceding  species,  in  having  a 
much  shallower  valley  between  the  two  transverse  ridges,  and 
in  having  a  strong  basal  ridge,  or  shelf,  at  the  external  posterior 
comer  of  the  crown.     The  enamel  of  the  whole  series  is  very 
smooth.     The  species  was  probably  about  two  thirds  the  size  of 
L  modestus. 
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Meaatvremenia. 

Length  of  portion  of  upper  jaw,  containing  seven  pos- 
terior teeth, 26*     lines. 

Length  of  same,  with  three  last  molars, 18 •?     " 

Antero-posterior  diameter  of  last  upper  molar, 6*       " 

Transverse  diameter  of  same, 6'25     " 

The  remains  now  known  to  represent  this  species  were  dis- 
covered by  C.  W.  Betts,  H.  B.  Sargent,  and  the  writer,  in  the 
Tertiary  strata  at  Grizzly  Buttes,  near  Fort  Bridger. 

Lophiodon  pumilits,  sp.  nov. 

A  still  more  diminutive  species,  of  the  same,  or  a  nearly  re- 
lated, genus,  is  indicated  by  several  specimens,  including  a  i&^g- 
ment  of  a  left  upper  jaw,  containing  tnree  premolars  and  the  two 
succeeding  molar  teeth.  The  species  may  easily  be  distinguished 
from  the  small  one  above  described,  by  the  presence,  on  the  out- 
side of  the  superior  teeth,  of  a  strong,  continuous,  but  irregular 
basal  ridge,  wnich,  at  the  external  angle  of  the  crown,  replaces 
the  elevated  tubercle  present  in  all  the  molars  of  the  species  al- 
ready noticed.  The  present  specimen  may  also  be  distinguished 
from  L.  nanicSj  by  the  form  of  the  last  two  upper  premolars, 
which  in  the  latter  have  their  greatest  transverse  diameter  be- 
hind the  center,  while  the  reverse  is  true  of  these  premolars  in 
the  species  under  consideration. 

Measurements. 

Length  of  portion  of  upper  jaw,  with  three  premolars, 

and  next  two  molars, 14'      lines. 

Antero-posterior  diameter  of  penultimate  upper  molar,  3*26     " 

Transverse  diameter  of  same, 4*         " 

The  only  specimens  at  present  known  to  represent  this  species 
were  found  by  C.  T.  Ballard,  in  the  Tertiary  beds  near  Marsh's 
Fork,  Western  Wyoming. 

Anchitherium  gracilis^  sp.  nov. 

The  Green  River  Tertiary  basin  of  Wyoming  apparently  con- 
tains very  few  extinct  solipedal  mammals,  one  or  two  fragments 
only  being  all  our  party  secured  during  several  weeks  of  explo- 
rations. In  the  Uintah  or  southern  basin,  however,  especially 
near  tlic  White  River  of  Eastern  Utah,*  remains  of  this  group 
are  more  abundant,  and  sonic  characteristic  specimens  were  ob- 
taiiuMi.  Among  these,  were  three  lower  jaws,  witli  many  of  the 
teeth  in  good  preservation.  They  rej)resent  an  animal  less  than 
one  lialf  the  size  of  Ancliitlierium  Bai rdi  hcidy^  and  apparently 
belonging  to  the  same  genus.  There  are  seven  premolar  and 
molar  teeth,  with  essentially  the  same  constitution  as  in  that 

*  This  Journal,  vol.  i,  p.  19G,  March,  1871. 
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The  first  premolar  has  but  one  fang,  and  between  this 

symphysis  there  are  no  teetL     On  the  inner  fece  of 

nns  there  is  a  shallow,  sickle-shaped  impression,  with  the 

rected  forward,  and  terminating  under  the  first  premolar. 

MeaswremerUs, 

of  portion  of  lower  jaw,  with  six  posterior  teeth,  23-68  lines. 

of  same  with  three  posterior  teeth, 12 '6       " 

posterior  diameter  of  last  lower  molar, 6*         " 

rse  diameter  of  same, 2*        " 

ibove  specimens  were  discovered  by  C.  T.  Ballard  and  the 
on  the  north  side  of  the  White  Kiver,  in  Eastern  Utah. 
)logical  horizon  is  upper  Eocene,  or  lower  Miocene. 

Lophiotherium  Ballardij  sp.  nov. 

lall  Pachyderm,  apparently  nearly  related  to  the  genus 
herium,  is  indicated  by  a  ^agment  of  a  right  lower  jaw, 
le  last  two  molars,  and  a  few  less  important  remains, 
ecies  thus  repjresented  appears  to  have  been  about  two 
he  size  of  Lophiotherium  sylvaticum^  recently  described 
Leidy  from  the  same  Tertiary  basin  in  which  these  fos- 
«  found,*  and  the  teeth,  so  far  as  known,  have  nearly  the 
)mposition.  Those  preserved  in  the  present  specimen 
ewhat  worn,  showing  that  the  individual  was  fully  adult 
amel,  especially  on  the  sides  of  the  crown,  is  much 
d,  and  thus  the  external  basal  ridge  is  rendered  strongly 

Vm 

Meotswrementa, 

posterior  diameter  of  last  lower  molar, 4*4    lines. 

rse  diameter  of  same, 2*1       " 

posterior  diameter  of  penultimate  lower  molar,.  3*2      " 
rse  diameter  of  same, 2*25     " 

jpecies  is  named  for  the  discoverer,  Mr.  C.  T.  Ballard,  of 
e  party,  who  obtained  the  specimens  here  described  at 
Buttes,  Western  Wyoming. 

Ehiherium  lentus,  sp.  nov. 

fresence  of  numerous  Suilline  Pachyderms  in  the  Green 
ertiary  basin  was  clearly  established  during  the  inves- 
s  of  our  party  by  the  discovery  of  several  extinct  species, 
irent  from  any  hitherto  described.  One  of  these,  which 
ly  belonged  to  the  genus  Ehiherium^  is  represented  bv  a 
ragment  of  a  left  lower  jaw,  with  the  last  molar  in  fine 
ation.  This  specimen  indicates  a  species  about  one  half 
3  of  Ehiherium  Mortoni  Leidy,  which  is  comparatively 
nt  in  the  lower  Tertiary  deposits  east  of  the  Eocky  Moun- 

'rooeedings  Philadelphia  Academj  of  Natural  Sciences,  18*70,  126. 
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tains.  The  upper  surface  of  this  last  lower  molar  is  composed 
of  two  transverse  pairs  of  conical  lobes,  with  a  single  posterior 
one  on  the  median  line.  The  anterior  inner  cone  is  lai^er  than 
its  fellow,  and  has  its  summit  bifid.  In  the  next  pair,  which 
are  much  less  elevated,  the  external  lobe  is  the  larger.  Thepos- 
terior  cone  is  low,  and  shows  a  tendency  to  subdivide.  There 
is  a  basal  ridge  in  front,  and  indications  of  its  continuation  oa 
the  external  border.  The  enamel  is  finely  corrugated.  There 
is  a  prominent  rugose  tubercle  on  the  inner  superior  margin  of 
the  lower  jaw,  a  short  distance  behind  and  above  the  last  molar. 

MeaatifremerUa. 

Antero-posterior  diameter  of  last  lower  molar, 9*  linea. 

Greatest  transverse  diameter  of  same, 6*     " 

Transverse  diameter  between  first  and  second  pair  of  cones,  4  '4  " 

The  specimen  on  which  this  species  is  established  was  found 
bv  the  writer,  in  October  last,  in  the  Tertiary  beds,  on  Henry's 
Fork,  Wyoming. 

Phiygonus  Ziegleri,  sp.  hov. 

Remains  of  another  Suilline  animal,  fiiUy  as  large  as  the 
modem  Sils  scro/a,  were  obtained  in  the  same  Tertiary  beds 
with  the  last  species.     The  most  characteristic  specimens  dis- 
covered are  a  number  of  upper  premolar  and  molar  teeth,  which 
agree  so  nearly  in  general  composition  with  those  of  Platygo-    ■ 
nits,  that  they  may  very  properly  be  referred  to  that  genua 
One  prominent  character  in  these  teeth,  especially  the  anterior 
ones,  is  the  remarkably  strong  basal  ridge,  which,  on  the  inner    ' 
border  at  least  of  the  first  and  second  premolars,  exceeds  in    = 
breadth  that  in  Platygonus  compressus  LeUonte,  although  on  the 
posterior  margin  it  is  less  developed  than  in  that  species.     The 
crowns  of  all  the  upper  premolars  are  composed  of  a  single  trans- 
verse pair  of  cones,  closely  united.     The  second  premolar  in  this 
specimen  has  a  greater  fore  and  aft  diameter  than  the  thiri 
The  enamel  of  all  the  teeth  is  rugose,  as  in  the  modern  Peccaries. 

Measwements, 

Length  of  fragment  of  upper  jaw,  containing  the  three  ' 

premolars, 18*5  lines. 

Antero-posterior  diameter  of  first  upper  premolar, 6*  " 

Transverse  diameter  of  same, 6*  " 

Antero-posterior  diameter  of  second  upper  premolar,--  6*5  " 

Transverse  diameter  of  same, *7'3  *' 

Antero-posterior  diameter  of  third  upper  premolar, 6*2  *' 

The  species  is  named  for  H.  D.  Zicgler,  of  Yale  College,  who 
discovered  the  specimens  on  which  the  present  description  is 
based.  The  locality  was  at  Grizzly  Buttes,  near  the  base  of  the 
Uintah  Mountains. 
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Platygonus  striatns,  sp.  nov. 

i  Suilline  species,  nearly  related  apparently  to  the 
quite  equaling  it  in  size,  is  indicated  by  portions  of 

•  jaws,  with  a  few  of  the  anterior  teeth,  collected  by 
in  the  Pliocene  strata  of  Northern  Nebraska.  In  one 
cimens,  the  second  left  premolar  is  well  preserved,  and 
5tia  It  has  the  same  general  composition  as  the  cor- 
ig  tooth  in  Platygonus  compressus,  but,  in  addition  to 

larger  size,  it  is  proportionally  broader,  and  has  the 
;e  in  front  less  developed.  The  posterior  basal  ridge, 
,  is  expanded  into  two  rudimentary  tuberclea  The 
markea  by  delicate  irregular  striae,  mostly  parallel  with 
of  the  crown,  and  to  this  ornamentation  the  specific 
jrs. 

Measurements. 

'  portion  of  left  lower  jaw  containii^g  first  four 
26*    lines. 

•  same,  with  first  three  teeth, 17'       " 

►sterior  diameter  of  second  lower  premolar,--     6*2     " 
e  diameter  of  same, 5*8     " 

ove  specimens  were  found  by  the  writer,  in  July  last, 
iiocene  sands,  near  the  head- waters  of  the  Loup  Fork 
sbraska, 

Platygonus?  Condoni,  sp.  nov. 

esent  species  is  founded  on  a  portion  of  a  right  upper 
lining  the  three  posterior  molars.  The  specimens  evi- 
ilonged  to  a  true  Suilline  mammal,  at  least  equal  in 
the  last  two  described.  The  exact  generic  relations  of 
5S  cannot  at  present  be  ascertained,  but  it  differs  es- 
from  any  known  recent  or  extinct  American  species  of 
0  in  several  particulars.  One  of  the  most  marked  of 
le  unusual  elongated  fore  and  aft  proportions  of  the 
r  molar,  which  has  to  the  diameter  of  tne  penultimate 
ratio  of  three  to  two.  The  crown  of  the  posterior 
jomposed  of  two  transverse  pairs  of  principal  cones,  the 

•  bemg  the  larger,  and  a  posterior  lobe,  which  is  par- 
ided  into  three  tubercles.  The  enamel  is  smooth,  and 
o  basal  ridge  on  the  sides  of  the  teeth  preserved. 

Measurements. 

r  jaw  enclosing  last  three  upper  molars, 21'  lines. 

)8terior  extent  of  last  molar, 12*    " 

e  diameter  of  same,  through  anterior  lobes, 7«    " 

>sterior  extent  of  penultimate  molar, 8*     " 

)ecies  is  named  for  Rev.  Thomas  Condon,  who  discov- 
jpecimen  described,  in  the  Pliocene  beds  of  Oregon. 
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Dicotyles  Hesperius,  sp.  nov. 

A  new  and  interesting  small  Suilline  mammal  is  well  repre- 
sented by  a  portion  of  a  right  upper  jaw,  with  the  last  premolar, 
and  the  succeeding  three  molars,  aU  in  excellent  preservatioiL 
The  teeth  indicate  an  individual  fully  adult.  They  have 
nearly  the  composition  of  those  of  the  modem  Peccanes,  and 
evidently  belonged  to  the  same,  or  a  closely  related,  genus. 
The  species  is  well  marked,  and  was  apparently  not  more 
than  one  half  the  bulk  of  Dicotyles  torquattts.  The  crowns  of 
the  molars  have  a  more  rhombic  outline  than  in  that  species, 
and  a  more  distinct  valley  between  the  anterior  and  posterior 
pair  of  cones.  The  basal  ridge  is  also  more  strongly  developed, 
especially  on  the  outer  margin,  where  it  is  continuous.  In 
other  respects  the  composition  of  these  teeth  is  very  similar  in 
the  two  species.  The  last  upper  premolar  in  the  present  speci- 
men, however,  differs  widely  from  the  corresponding  tooth  in 
any  of  the  known  Peccaries,  living  or  fossil,  resembling  most 
nearly  in  its  composition  the  second  premolar  of  D.  torquatus. 
The  latter  has,  however,  the  single  posterior  cone  distinct,  while 
in  the  species  under  consideration  it  is  connate  with  the  an- 
terior outer  tubercle.  The  upper  dental  series  is  here  some- 
what curved  outwardly,  and  not  on  a  line,  as  in  the  living 
Peccaries. 

Measwrements. 

Length  of  part  of  upper  jaw  with  four  posterior  teeth,.  19*    lines. 

Length  of  same,  with  three  molars, 15*2     " 

Antero-posterior  diameter  of  last  upper  molar, 5*6     " 

Transverse  extent  of  same, 4-       " 

Antero-posterior  diameter  of  penultimate  upper  molar,    6*4     " 

This  specimen,  for  which  the  writer  is  likewise  indebted  to 
Eev.  Mr.  Condon,  Ls  from  the  same  locality  and  geological 
horizon  as  the  species  last  described. 

HypsodiLS  gracilis,  sp.  nov. 

This  species  was  about  the  same  size  as  Hypsodus  pauhts,  a 
small  mammal  described  by  Dr.  Leidy  from  the  lower  Tertiary 
basin  in  Wyoming,  and  supposed  by  him  to  indicate  an  ani- 
mal probably  allied  to  the  suilline  family. "'^  It  may  readily  be 
distinguished  from  that  species,  especially  by  the  first  true 
molar  of  the  lower  jaw,  which  is  proportionally  narrower  in 
front,  and  broader  at  its  [)ostcrior  margin.  There  is  also  on  this 
tooth  a  stronnr  external  basal  ridire,  and,  at  the  anterior  inuer 
angle,  a  prominent  projection,  \vliicli  is  w\anting  in  H.  ^;a«te 
The  lower  jaw  is,  moreover,  deeper  and  more  compressed  in 
the  region  of  the  premolars. 

♦Proceedings  Philadelphia  Acad.  Nat.  Science,  1870,  p.  109. 
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Measurementa. 

Length  of  part  of  lower  jaw  containing  first  molar  and 

last  two  premolars, 5*1  lines. 

Antero-poBterior  diameter  of  first  lower  molar, 2*       " 

TraoBYerse  diameter  through  posterior  lobe, 1*6      " 

Antero-posterior  diameter  of  last  lower  premolar, 16     " 

The  specimens  representing  this  species  at  present  were 
found  by  the  writer,  at  Grizzly  Buttes,  Wyoming. 

Limnotherium  tyrannibs^  gen.  et  sp.  nov. 

A  somewhat  larger  pachyderm,  but  distantly  allied  appar- 
ently to  the  two  small  species  last  described,  is  represented  by 
the  anterior  portions  of  two  united  lower  jaws,  with  several 
teeth,  and  a  few  other  fragmentary  remains.  These  specimens 
appear  to  indicate  a  genus  quite  distinct  from  any  hitherto 
known,  but  additional  remains  will  probably  be  required  to  de- 
termine its  exact  afiinities.  The  teeth  of  the  lower  jaws  are 
twenty  in  number,  and  form  an  uninterrupted  series,  which 
may  be  divided  as  follows : — Incisors  2-2,  canines  1-1,  pre- 
molars 4-4,  molars  S-3.  The  incisors  are  small,  and  crowded 
together.  The  canines  are  large,  nearly  round  at  the  base,  and 
evidently  formed  most  efficient  weapons.  The  first  and  second 
premolars  had  but  a  single  fang.  The  two  anterior  molars 
are  in  excellent  preser\'ation,  and  have  their  crowns  composed 
of  four  principal  cones.  The  first  is  at  the  anterior  outer  angle ; 
the  second  just  behind  this,  on  the  inner  margin  ;  the  third  at 
the  outer  posterior  angle ;  and  the  fourth  and  smallest  at  the 
inner  posterior  corner,  separated  from  the  others  by  a  deep  pit 
Each  molar  has  a  rudimentary  double  tubercle  on  the  anterior 
margin,  and  a  moderate  basal  ridge,  except  on  the  inner  side. 

MecLSurementa. 

Length  of  dental  series  of  lower  jaw, 18*    lineS' 

Antero-posterior  extent  of  three  molars, 7 '5  " 

Transverse  extent  of  four  incisors, 3*  " 

Length  of  symphysis, 8*6  " 

Depth  of  lower  jaw  below  last  molar, 5'15  " 

Depth  below  last  premolar, 6*  " 

Antero-posterior  extent  of  first  lower  molar, 2*5  " 

Transverse  diameter  of  same, .2*  " 

The  specim'ens  here  described  were  found  by  the  writer  near 
Dry  Creek,  Western  Wyoming,  in  deposits  which  are  probably 
of  Upper  Eocene  age. 

Limnotherium  elegans,  sp.  nov. 

A  diminutive  mammal  is  represented  in  our  collections  by 
portions  of  two  lower  jaws,  with  several  teeth,  which  have  so 


• 
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nearly  the  composition  of  those  in  the  preceding  species  that 
they  undoubtedly  belong  to  the  same,  or  a  nearly  related,  genua 
One  of  these  specimens  contains  the  last  premolar,  and  the  two 
succeeding  molars.  In  the  latter,  the  two  anterior  cones  form 
a  transverse  pair,  and  are  not  oblique  as  in  the  larger  species. 
The  posterior  pair  of  tubercles,  also,  are  nearly  on  a  transverse 
lina 

Measurements. 

Length  of  fragment  of  lower  jaw,  enclosing  last  premo- 
lar and  three  molars, 7'5  lines. 

Antero-posterior  diameter  of  second  lower  molar, 2'  " 

Transverse  diameter  of  same, 16  " 

The  only  two  specimens  of  this  species  now  known  were 
found  by  the  writer  at  Grizzly  Buttes,  near  the  base  of  the 
Uintah  Mountains,  in  Wyoming. 

Yale  College,  N^ew  Haven,  Juno  5th,  1871. 


Art.  IX. — ContribiUions  to  Chemistry  from  the  LaboroJtory  of  the 
Lawrence  Scientific  School  No.  16. — On  the  Atomic  Weights 
of  Cobalt  and  Nickel;  by  Richard  H.  Lee. 

The  atomic  weights  of  cobalt  and  nickel  have  long  been  sub- 
jects of  controversy,  but  though  much  time  and  labor  have  been 
spent  upon  them,  the  results  arrived  at  are  not  as  satisfactory  as 
could  be  desired. 

Under  these  circumstances  Prof  Gibbs  suggested  to  me  a 
new  investigation  of  the  subject  Before  giving  an  accouDt  of 
my  own  methods  and  results,  I  will  state  briefly  those  of  other 
chemists.  Rothhoflf,*  in  1826,  first  endeavorea  to  ascertain  the 
atomic  weights  of  cobalt  and  nickeL  He  determined  the  amount 
of  chlorine  in  the  respective  chlorides,  by  means  of  silver,  and 
from  a  single  analysis  of  each  chloride,  obtained  for  cobalt  the 
equivalent  29*55,  and  for  nickel  the  equivalent  29*60.  As 
the  methods  of  separating  the  two  metals  were  at  that  time  im- 

Serfect,  and  as  but  a  single  analysis  was  made  in  each  case, 
lothhoff  *s  results  can  hardly  be  considered  as  deserving  of 
confidence. 

Erdmaunf  and  Marcliand,  in  1852,  determined  the  atomic 
weight  of  nickel  by  reducing  nickelous  oxide  in  hydrogen. 
Their  results  varied  between  29 '1  and  29*3,  and  they  regarded 
tlie  lower  number  as  more  probably  correct.  It  seems  at  least 
possible  that  the  nickel  tliej  employed  contained  traces  of 
cobalt.     The  subject  was  again  taken  up  by  Schneider^  in  1857. 

*  Poggrendorff 's  Aunalen,  vol.  viil,  p.  184-.5. 

JAnnalen  der  Pharniacie.  vol.  Ix.xxii.  p.  76. 
Poggendorff'a  \iinalen,  ci,  p.  387. 


Cobalt  found. 

Carbon  found. 

Eq 

uiyalent  €o. 

32-662  pr.  ct. 

13-024  p.  c. 

20-903 

32-619      " 

13-041     " 

30-016 

32-628      " 

13-006     " 

30-014 

32-623      " 

13-014     «* 

20080 

IL  H.  Lee — AUrnixc  Weights  of  Cobalt  and  Nickel         45 

Pure  metallic  cobalt  was  prepared  by  igniting  chloride  of 
purpureocobalt  in  hydrogen.  The  metal  was  then  dissolved  in 
chlorhydric  acid  and  precipitated  by  sodic  carbonate.  The 
carbonate  was  washed,  and  then  digested  with  oxalic  acid,  the 
resulting  oxalate  again  washed,  burned  in  a  current  of  oxygen 
and  the  oxide  reduced  by  hydrogen.  In  other  portions  of  the 
oxalate  the  carbon  was  determined  by  combustion  with  cupric 
oxida 
The  following  table  gives  a  summary  of  the  results  obtained  : 

Oxalate  taken. 

1-6366 
^'  2-8046 

«  1-1070 

^'  1-0010 

^  2-8000 

^'  4-0680 

3-0070 

5-3600 

Mean,  30*003 

Determinations  of  the  atomic  weights  of  cobalt  and  nickel 
were  also  made  in  1857  by  Marignac.*  Cobaltous  sulphate 
vas  purified  by  repeated  crystallization  and  a  weighed  quan- 
tity of  the  salt  heated  so  as  to  expel  the  acid.  The  resulting 
oxide  was  then  heated  with  a  known  weight  of  silicate  of  lead 
80  as  to  expel  tie  excess  of  oxygen  over  and  above  that  re- 
quired to  lorm  cobaltous  oxide  €oO.  The  results  obtained 
varied  between  29-32  and  29-38. 

Crystallized  cobaltous  chloride  dried  at  100°  was  found  to 
retain  one  atom  of  water.  Three  determinations  of  the  chlo- 
rine in  this  salt  by  means  of  silver,  gave  for  the  atomic  weight 
of  cobalt  29 '42  to  29*51.  Anhydrous  cobaltous  chloride  was 
obtained  by  heating  the  crystallized  salt  with  sal-ammoniac,  in 
a  current  of  dry  chlorine  or  dry  chlorhydric  acid  gas.  The  salt 
almost  always  however  left  a  slight  residue  insoluble  in  water. 
Five  analyses  of  the  anhydrous  salt  gave  results  varying  from 
29-86  to  29-42. 

Li  1869  Dumasf  turned  his  attention  to  the  subject  Per- 
fectly pure  metallic  cobalt  was  dissolved  in  nitro-muriatic  acid, 
the  Bolution  evaporated  to  dryness  with  frequent  additions  of 
chlorhydric  acid,  and  the  cobaltous  chloride  submitted  to  a  red 
heal  In  a  second  preparation  from  a  different  sample  of  metal 
the  chloride  was  dried  in  vacuo.  In  this  manner  the  following 
results  were  obtained : 

^  Bibliothique  UDiTerselle  de  Gtoneve,  Nouvelle  series,  yol  i,  p.  373. 
f  i^xm.  de  Chimie  et  de  Physique,  3d  series,  vol.  Iv,  p.  148. 
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coas. 

Silver. 

Equivalen' 

ll 

r  2-362 

3-0035 

29-67 

2- 

4-210 

6-000 

29-54 

3 

[  3-692 

5-060 

29*59 

4 

1  2-402 

4-1405 

29-50 

5 

4-2205 

70265 

29-51 

The  mean  of  these  five  determinations  is  29*54     In  j 
the  chloride  was  dissolved  in  boiling  water  and  the  soh 
lowed  to  cool  before  precipitating  with  AgNOj.     The 
chloride  was  reduced  in  hydrogen.     The  method  emph 
the  preparation  of  pure  cobalt  is  not  stated. 

Eussell*  determined  the  atomic  weights  of  cobalt  anc 
in  1863.  Pure  metallic  cobalt  was  prepared  by  igniting  < 
of  purpureocobalt  in  hydrogen.  The  metal  was  dissc 
nitric  acid  and  the  solution  evaporated  and  strongly 
The  black  oxide  obtained  was  ignited  in  a  current  of  c 
di-oxide,  by  which  it  was  converted  into  light  brown  cc 
oxide  "GoO,  which  was  then  reduced  by  pure  hydrogen, 
ting  two  trial  experiments, the  results  obtained  were  as  i 


6oO. 

Cobalt. 

Gobal 

First  sample,  1 

21211 

1-6670 

78- 

2 

2-0241 

1-5907 

78- 

3 

2-1226 

1-6673 

78- 

4 

1-9947 

1-5678 

78- 

5 

3-0628 

2-4078 

Mean, 

78- 
78- 

First  specimen  twice  purified — 

1 

2-1167 

1-6638 

78- 

2 

1-7717 

1-3924 

78- 

3 

1-7852 

1-4030 

Mean, 

78- 
78- 

First  specimen  three  times  purified 

— 

1 

1-6878 

1-3264 

78- 

2 

2-2076 

1-7350 

Mean, 

78- 
78- 

Second  specimen — 

1 

2-6851 

2-1104 

78- 

2 

2-1461 

1-6868 

Mean, 

78- 
78- 

Third  specimen — 

1 

8-4038 

2-6752 

78- 

2 

2-2778 

1-7901 

78- 

3 

2-1837 

1-7163 

Mean, 

78- 
78- 

*  Annalon  der  Pharmacie,  vol.  cxxvi,  pp.  322-336. 
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The  mean  of  all  the  results  is  78*5926,  from  which  we  find 
for  the  equivalent  of  cobalt  on  the  old  system  29*87. 

In  1866  the  subject  was  taken  up  by  Sommaruga,*  who  de- 
termined the  amount  of  metallic  cobalt  in  chloride  of  jpurpureo- 
cobalt  by  reduction  in  a  bulb  tube  with  hydrogen.  His  results 
were  as  follows : 

£quiyalent. 
30-002 
29*929 
29-982 
29-926 
29-992 
29-916 
30-009 
Mean,     29-965 

Winkler,t  iu  1867,  determined  the  atomic  weight  of  cobalt  by 
"  heating  a  known  weight  of  the  metal  with  a  perfectly  neutral  so- 
lution of  double  chloride  of  gold  and  sodium.     The  cobalt  was 
obtained  by  the  reduction  of  chloride  of  purpureocobalt. 

Gk>ld  found.       Equivalent  of  €o(Au=rI96.) 


Salt  taken. 

Cobalt  found. 

1. 

0-6656 

0-1588 

2. 

1-0918 

•2600 

3. 

0*9058 

-2160 

4. 

1-5895 

-3785 

5. 

2-9167 

-6957 

6. 

1-8390 

•4378 

7. 

2-5010 

'5968 

Salt  taken. 

1. 

0-5890 

2. 

0-3147 

3. 

0-5829 

4. 

0-5111 

6. 

0-5821 

1-3045 
0-6981 
1-2913 
1-1312 
1  '2848 


Mean, 


29*497 
29451 
29*492 
29*518 
29*522 
29*496 


Finally,  in  1869,  Weselskyt  made  a  new  determination  of 
the  atomic  weight  of  cobalt  by  finding  the  quantity  of  metallic 
cobalt  in  weighed  quantities  of  cobalticyanide  of  aniline-am- 
monium and  of  ammonium.     The  results  were  as  follows : 


Cobalt  salt 

1. 

0-8529  gr. 
0-6112^* 

2. 

3. 

0-7140  " 

4. 

0-9420  " 

1. 

0-7575  " 

2. 

0-5143  " 

Equivalent 
29-44 
29-38 
29-59 
29-54 
29-46 
29-55 


Cobalt  found. 

0-1010 
0-0723 
0-0850 
0*1120 
0'1160 
0'1130 

Mean,     29*48 

The  first  four  analyses  were  made  with  the  anilin,  the  last 
two  with  the  ammonium  salt  These  are  the  only  determina- 
tiong  of  the  atomic  weight  of  cobalt  which  I  have  been  able  to 
find,  and  I  will  therefore  pass  to  my  own  analyses. 

*  SitKungsberichte  der  Wiener  Akad.,  vol  liv,  p.  60. 

j  Zeitschrift  fiir  AnaL  Chemie,  1867,  p.  18. 

I  Berichte  der  Deutcshen  Chem.  GeseUechaft,  1870. 
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Commercial  cobaltic  oxide  was  treated  in  a  large  porcelain 
crucible  with  enough  strong  sulphuric  acid  to  make  it  into  a 
stiff  paste.  The  crucible  was  then  placed  in  a  muffle  fiimace 
and  heated  for  some  time,  at  first  gently  and  afterwards  to  low 
redness.  The  sulphate  obtained  was  dissolved,  filtered  and  sub- 
mitted for  some  time  to  a  current  of  sulphydric  acid  gas,  by 
which  copper,  arsenic,  &c.,  were  removed  The  filtrate  was 
treated  with  chlorine  water  to  peroxydize  the  iron  present  and 
then  allowed  to  stand  for  48  hours  in  contact  wltn  baric  car- 
bonate, the  whole  being  fi^equently  and  thoroughly  stirred.  In 
this  manner  iron  and  manganese  were  almost  wholly  removed. 
The  filtrate  was  then  treated  with  a  large  excess  of  baric  car- 
bonate, and  cyanhydric  acid  gas  passed  into  the  liquid  until  the 
whole  of  the  cobalt  was  converted  into  cobalti-cyanide  of  bari- 
um, €o3Cy,3Ba3.  The  solution  of  this  salt  was  then  boiled 
with  mercuric  oxide  to  separate  the  nickel  present,  as  NiCy^ 
Ba,  as  well  as  traces  of  iron  and  manranese.  The  mercury 
was  then  removed  from  the  filtrate  by  sulphydric  acid  gas,  and 
the  solution  of  cobalti-cyanide  barium  regarded  as  chemically 
pure.  The  methods  which  I  adopted  to  determine  the  atomic 
weight  of  cobalt  do  not  differ  in  principle  from  those  of 
Weselsky  and  Sommaruga.  I  first  formed  cobalti-cyanides  of 
alkaloids  having  high  atomic  weights  and  forming  highly  crys- 
talline and  perfectlv  definite  double  cyanidea  I  then  deter- 
mined the  water  of  crystallization  in  these  salts  directly,  and 
afterwards  the  percentage  of  cobalt  in  each.  This  last  was  ef- 
fected by  first  careftilly  heating  the  salt  in  a  platinum  crucible 
by  means  of  a  ring-bumer,  and  afterwards  burning  off  the 
carbon,  first  in  air  and  then  in  oxygen.  Finally  the  cobalt  was 
reduced  to  metal  by  a  current  of  pure  hydrogen,  and  weighed. 
In  this  manner  but  two  weighings  were  necessary.  In  another 
series  of  experiments,  I  determined  the  amount  of  metallic 
cobalt  in  weighed  quantities  of  chloride  of  purpureocobalt  by 
igniting  the  salt  in  a  current  of  pure  hydrogen  gas.  To  effect 
the  reduction  without  loss,  I  employed  an  arrangement  due  to 
Dr.  Gibbs,  and  consisting  of  a  small  thin  disk  of  J)orous  earth- 
enware. T?he  chloride  of  purpureocobalt  was  placed  in  a  por- 
celain crucible  and  the  disk  of  earthenware  supported  above 
it  by  the  walls  of  the  crucible.  The  hydrogen  was  intro- 
duced by  a  tube  passing  into  the  bored  cover  and  the  crucible 
was  then  carefully  heated  from  above.  In  this  manner  the  gas 
diffused  through  the  porous  septum,  which  in  turn  served  to 
prevent  the  escape  of  any  particles  of  solid  substance.  The  re- 
duction was  absolutely  complete,  and  the  metal  did  not  oxidize 
after  slowly  cooling  in  an  atmospliere  of  hydrogen.  In  the 
anah'ses  nuide  in  tliis  manner,  also,  but  two  weighings  were 
necessary. 
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In  my  first  series  of  experiments  I  employed  only  the  cobalti- 
cyanides  of  brucine  and  strychnine,  the  corresponding  salts  of 
morphine,  narcotine,  chinine  and  cinchonine  having  been  found 
difficult  to  prepare  in  a  stkte  of  purity  by  recrystallization. 
The  brucine  and  strychnine  salts  were  prepared  by  decompos- 
ing the  sulphates  of  these  bases  with  cobalti-cyanide  of  barium, 
and  repeatedly  recrystallizing  the  salts  formed.  The  brucine 
salt  crystallized  in  beautiful  white,  barb-shaped  crystals  with  a 
high  luster.  It  was  but  slightly  soluble  in  cold  water,  and  crys- 
tallized with  remarkable  facility.  The  strychnine  salt  was  in 
beautiful,  nearly  colorless  needles,  and  like  the  brucine  salt  crys- 
tallized almost  completely  from  its  solution  on  cooling.  Six 
analyses  were  made  with  each  of  these  salts. 

Of  the  strychnine  salt — 

0-7084  gr.  dried  at  115°C.  lost  0-0392  gr.  of  water  =  6-53  p.  c. 
The  formula,  ^o,Cy, j{C,,H22N202)gHg+80H2, 

reauires  5*57  p.  c  water  of  crystallization. 

The  foUowmg  are  the  results  of  my  determinations  of  the 
amount  of  cobalt  in  this  salt : 


No. 

Salt  taken. 

Cobalt 

Cobalt,  p  c. 

At  weight 

I. 

0*4256  gr. 

0-0196  gr. 

4-683 

59-22 

2. 

0-4026  " 

0-0186  " 

4-596 

59-36 

3. 

0-3733  " 

0-0170  " 

4-664 

58-83 

4. 

0-4535  " 

0-0207  " 

4-564 

58-96 

5. 

0-2753  « 

0-0126  " 

4-577 

59-14 

6. 

01429  '« 

0-0065  " 

4-549 

58-76 

Mean, 

4-5705 

5905 

The  probable  error  of  the  mean  is  diO'012,  and  the  atomic 
weight  of  cobalt  59*05,  with  a  probable  error  of  ±156.  In  the 
case  of  the  brucinfe  salt,  thi'ee  determinations  of  the  water  of 
crystallization  were  mada 

0-4097  gr.  gave  0-0466  gr.  water  at  117°  C.     =     11-35  p.  c. 
0-3951  gr.      "      00453  qt.  *'      119°  C.     =     11-46  p.  c. 

0-6653  gr.      "      0  0752gr.  "      128°  C.     =     11-30  p.  c. 

The  mean  of  these  three  determinations  is  11-37  p.  c 

The  formula  €o2Cy,,(C2  8H2eN2O4)6H6+20eH, 

leouires  11-89  p.  c  water  of  crystallization. 

The  results  of  my  determinations  of  the  amount  of  metal  in 
this  salt  are  as  follows : 


Salt  taken. 

Cobalt 

Cobalt,  p.  0. 

At  weight 

1. 

0-4097  gr. 

0-0164  gr. 

3-759 

59-41 

2. 

0-3951  " 

0-0147  " 

3-720 

68-76 

3. 

0-5466  " 

0-0204  " 

3-739 

59-08 

4. 

0-4402  " 

0-0165  " 

3-748 

59-22 

5. 

0-4644  ** 

0-0174  " 

3-747 

59-21 

6. 

0-4027  " 

0-0161  " 

3-749 

59-24 

Mean, 

3-7437 

69-15 

A3f .  JouB.  Sci.-~Tbird  Sebiss 
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Na 

Salt  taken. 

1. 

0*9472  gr. 

2. 

0-8903  " 

3. 

0-6084  " 

4. 

0-6561  " 

6. 

0-6988  " 

6. 

0-7010  " 

23-575 

6907 

23-687 

69-11 

23-586 

69-11 

23-579 

69-08 

23-569 

69-05 

23-581 

69*09 

23-6795 

69-09 
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The  probable  error  of  the  mean  is  here  :fc0'0088,  and  the 
atomic  weight  of  cobalt  59*15,  with  a  probable  error  o^  ±'146. 

The  method  of  analyzing  the  chloride  of  purpureocobalt  has 
already  been  described  The  results  of  my  analyses  are  as 
follows : 

Cobalt.  Cobalt,  p.  c.      At  weight 

0*2233  gr. 
0-2100  " 
0*1435  " 
0*1547  *' 
0*1647  " 
01653  " 

Mean, 

The  probable  error  of  the  mean  is  here  ±0*004,  and  the  cal- 
culated atomic  weight  59*09,  with  a  probable  error  of  ±'0146. 

The  mean  of  my  eighteen  determinations  of  the  atomic  weight 
of  cobalt  is  59*10.  For  the  sake  of  comparison  I  give  here  the 
results  obtained  by  other  observers,  in  tabular  form,  reduced  to 
the  modern  scale  of  atomic  wei$?hts  : 

Rothhoff,      5910  Dumas,           59*08  Winkler,    58*99 

Schneider,    60-00  Russell,           58*74  Weselsky,  58-96 
58*84  to  69*02 

giic*^,  ^  gg.^2  ^^  gg.g^  Sommaruga,  59*93  Lee,            59*10 

Nickel — The  atomic  weight  of  nickel  was  also  first  deter- 
mined by  RothhoflF*  in  1826,  bv  determining  the  amount  of 
chlorine  m  a  weighed  quantity  of  nickelous  chloride.  A  single 
experiment  gave  for  the  equivalent  29*60,  a  number  which  is 
probably  too  high,  in  consequence  of  the  imperfection  of  the 
processes  known  at  that  time  for  the  separation  of  nickel  fix)m 
cobalt  Erdmann  and  Marchand  took  up  the  subject  in  1852.t 
Nickelous  oxide  prepared  by  various  processes  was  reduced  in 
a  current  of  hydrogen  and  the  metal  weighed.  No  data  are 
given,  but  the  authors  state  that  their  results  varied  between 
29*1  and  29*3,  and  that  they  consider  the  lower  number  more 
probably  correct 

Schneider,:|:  in  1857,  also  determined  the  atomic  weight  of 
nickel.  Pure  nickelous  oxalate  was  burnt  with  cupric  oxide  to 
determine  the  oxalic  acid,  while  the  amount  of  metallic  nickel 
was  obtained  by  reducing  the  oxide  with  pure  hydrogen.  In  this 
manner  Schneider  obtained  as  the  mean  of  four  analyses  the 
number  29*02. 

Marignac,§  in  1857,  determined  the  atomic  weight  of  nickel 
by  methods  precisely  similar  to  those  employed  by  him  in  the 

*  Pogg.  Ann.,  vol.  viii,  p.  184. 

f  Ann.  der  Pharmacie.  Ixxxii  p.  7G. 

i  Pogg.  Ann.,  ci,  p.  387. 

§  Bibliothiquo  Univoraello  de  Geneve,  Nouvelle  Series,  vol.  i,  p.  373. 
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case  of  cobalt  already  cited.  His  analyses  of  the  sulphate  of 
nickel  gave  results  varying  from  29*2  to  29 '6,  while  those  of  the 
chloride  gave  results  varying  between  294  and  29*64.  Marignac 
does  not  give  his  method  oi  obtaining  pure  salts  of  nickel 

The  subject  was  next  investigated  oy  Dumas,*  who  deter- 
mined the  quantity  of  chlorine  in  nickelous  chloride,  and  ob- 
tained for  the  equivalent  of  nickel  as  a  mean  of  five  analyses 
the  number  29 '614.  The  author  does  not  give  the  process  by 
which  the  nickel  was  obtained  free  from  cobalt 

Russellf  took  up  the  subject  of  the  atomic  weight  of  nickel, 
together  with  that  of  cobalt,  in  1863.  Pure  nickelous  oxide 
was  first  ignited  in  a  current  of  carbonic  di-oxide,  and  after- 
ward in  jpure  hydrogen.     His  results  were  as  follows : 

Metal 

lot  specunen,  mean  of  3  determinations  100  parts  of  oxide,  gave  78*696  Ni. 

2.  **  *•  ♦'  "  ♦♦  1S'5B4  ** 

3  u  ti  i»  u  44  78-598   " 

4.J         »•  ♦»  "  "  *'  78-592  " 

The  mean  of  all  the  determinations  gave  for  the  quantity  of 
nickel  in  100  parts  of  the  oxide  78 '5925,  and  for  the  atomic 
weight  of  nickel  58*74. 

In  1866,  Sommaruga§  determined  the  atomic  weight  of  nickel 
by  ascertaining  the  quantity  of  sulphuric  acid  in  pure  crys- 
tallized double  sulphate  of  nickel  ana  potassium.  The  mean  of 
six  analyses  gave  for  the  equivalent  of  nickel  the  number 
29-018,  with  a  probable  error  of  ±0079. 

Winkler,!  in  1867,  employed  the  method  of  reduction  already 
described.  The  mean  of  four  analyses  gave  for  the  equivalent 
29-527,  with  a  probable  error  of  rfcO-056. 

With  these  preliminary  statements  I  pass  to  an  account  of 
my  own  methods  and  results.  Metallic  nickel  of  commerce  was 
dissolved  in  nitro-sulphuric  acid,  and  the  nitric  acid  expelled  by 
heat  The  sulphate  was  then  dissolved  in  water  and  tne  traces 
of  copper  and  arsenic  removed  by  a  long  continued  current  of 
gulphydric  acid  gas.  The  iron  in  the  filtrate  was  then  oxydized 
by  means  of  bromine,  and  precipitated  by  agitation  with  Ba 
Co,.  The  cobalt  was  removed  by  potassic  nitrite  and  the 
nickelous  sulphate  then  converted  into  nickel-cyanide  of  potas- 
sium, which  was  recrystallized.  This  salt  contained  only  a  trace 
of  cobalt,  after  four  crystallizations.  To  determine  the  atomic 
weight  of  nickel  I  adopted  the  method  already  employed  to  de- 
termine that  of  cobalt  I  first  formed  the  double  cyanides  of 
nickel  with  brucine  and  strychnine,  and  then  determined,  first 

♦  Ann.  de  Chimie  et  de  Physique,  3d  series,  vol  Iv,  p.  148. 
Ann.  der  Pharmaoie,  vol.  cxxvi,  p.  322  to  336. 
Second  purification. 

Sitsungsberichte  der  Weinen  Akad.,  vol.  liv,  p.  50. 
ZeitBchrift  fiir  Analyt  Chemie,  1867,  p.  18. 
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the  quantity  of  water  in  eacli  of  these  salts,  and  afterward  the 
percentage  of  metallic  nickeL  This  last  determination  was  ef- 
fected by  first  carefully  heating  the  salt  in  a  platinum  crucible, 
employing  the  ring-burner  of  jDr.  Gibbs  so  as  to  apply  the  heat 
at  the  rim  of  the  crucible  first,  and  afterward  in  successive  zones 
until  the  bottom  of  the  crucible  was  reached.  The  remaining 
carbon  was  then  burned  off  in  a  current  of  pure  oxygen,  and 
the  oxide  of  nickel  finally  reduced  by  igniting  it  in  carefully 
purified  hydrogen.  The  aouble  cyanides  of  nickel,  brucine  ana 
strychnine  were  prepared  by  double  decomposition,  the  salts 
being  but  slightly  soluble  in  cold  water.  They  were  then  re- 
peatedly recrystallized,  and  when  tested  by  the  spectroscope 
were  found  to  be  absolutely  free  from  potassium.  AH  of  these 
salts  crystallized  in  very  pale  yellow  needles. 

My  analyses  of  the  brucine  salt  led  to  the  following  results: 
04496  gr.  dried  at  120°  C.  lost  0-0258  gr.  OH^ =6-788  p.  c. 

The  formula     Ni5Cy,j(C2  3H26N2O4)^H^+10eHj,  requires 
5-929  p.  c. 


No. 

Salt  taken. 

Nickel 

Nickel,  p.  c 

At.  weight 

1. 

0-3966 

0-0227 

5-724 

67-92 

2. 

0-5638 

00323 

6-729 

67-98 

3. 

0-4000 

0-0230 

6-760 

68-20 

4. 

0-3131 

0-01'796 

5-733 

68-02 

6. 

0-4412 

0-0252 

6-712 

67-79 

6. 

0-4346 

0-0249 

5-729 

67-98 

Mean, 

5-7296 

67-98 

The  probable  error  of  the  mean  percentage  of  nickel  is 
zbO-008,  and  the  atomic  weight  of  nickel  57*98,  with  a  probable 
error  of  d=0-089. 

Six  analyses  of  the  strychnine  salt  were  then  made : 
0-3399  gr.  dried  at  112^  C.  lost  0-0178  gr.  water  =  5-24  p  a 

The  formula  Ni3Cy,2(C2^H2,N202)eH^+8eHg,  requires 
5-45  p.  c. 

Nickel.  Nickel,  p.  c.         At  weigtit 

0-0354  6-607  58-16 

0-0363  6-613  68*21 

0-0234  6-589  57-98 

0-0297  6-607  58-15 

0-0166  6-561  57-72 

0-0129  6-595  58-04 

Mean,     6*595  58-04 

The  probable  error  of  the  mean  percentage  of  nickel  is 
±0*013,  and  the  atomic  weight  58*038,  with  a  probable  en'or 
of  ±0*119. 

The  mean  of  all  my  determinations  of  the  atomic  weight  of 


No. 

Salt  take] 

1. 

0-6368 

2. 

0-5489 

3. 

0-3661 

4. 

0-4495 

5. 

0-2530 

6. 

0-1956 
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lickel  is  SSOl.     The  following  table  gives  all  the  detennina- 
;ioiis  made : 

Rothhoff,  59-20 

Erdmann    and  j  58*20  to 
Marchand,         (  58*60 
Schneider,  58*04 

Marignac,  58*40  to  59 

In  conclusion,  my  thanks  are  due  to  Dr.  Gibbs  for  the  selec- 
tion of  the  subject  of  my  work,  and  for  his  advice  during  the 
course  of  my  investigation. 

Cambridge,  May,  1871. 


I 


Dumas, 

59*028 

Russell, 

58*74 

Sommaruga, 

58*026 

Winkler, 

69*054 

Lee, 

58*01 

Art.  X. — Note  on  the  Spectrum  of  the  Corona ;  by  Pro£  C.  A. 

Young. 

In  an  article  upon  the  Solar  Corona,  which  appeared  in  the 
May  number  of  this  Journal,  I  wrote,  "  very  perplexing  also 
is  the  fact  that  the  faint  continuous  spectrum,  whicn  must  be  in 
part  produced  by  this  polarized  component  of  the  corona's  light, 
shows  no  discoverable  traces  of  the  dark  lines  of  the  ordinary 
sunlight-spectrum.  Probably  they  exist,  but  are  in  some  way 
masked  so  that  they  are  not  easily  detected." 

On  further  reflection,  however,  I  believe  the  matter  is  readily 
explained,  and  that  on  the  other  hand  it  would  have  been  re- 
markable if  we  had  been  able  to  bring  out  the  Fraunhofer  lines. 
The  truth  is  that  the  reflected  photospheric  sunlight  forms 
only  one  small  fraction  of  the  total  coronal  radiance,  the  other 
constituents  of  which  so  far  preponderate  that  it  becomes  very 
difficult  to  detect  in  the  general  spectrum  the  characteristics  of 
this  reflected  light. 

The  spectrum  of  the  corona  is,  in  all  probability,  composed  of 
at  least  four  superposed  elements. 

1st  A  continuous  spectrum,  without  lines  either  bright  or 
dark,  due  to  incandescent  dust — ^that  is,  to  particles  of  solid  or 
liauid  meteoric  matter  near  the  sun.  For  although  I  am  not 
able  to  admit  with  Mr.  Proctor  that  the  whole  explanation  of 
the  corona  is  involved  in  the  presence  of  such  meteoric  particles, 
yet  it  cannot  be  doubted  that  they  are  very  numerous ;  and 
any  that  may  come  within  250,000  miles  of  the  solar  surface 
must  become  incandescent  and  give  such  a  spectrum  as  de- 
scribed. 

2nd.  A  true  gaseous  spectrum  of  the  second  order,  consisting, 
like  all  such  spectra,  of  a  more  or  less  bright  continuous  back- 
ground with  well  marked  maxima  or  bright  lines.  In  this  case 
one  bright  line  (1474)  certainly  exists,  and  perhaps  several     So 
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far  as  tte  spectroscopic  evidence  goes  this  gas  may  be  simply 
the  vapor  oi  the  meteoric  dust  above  alluded  to,  liberated  by 
the  heat  of  the  sun,  as  when  powdered  sodium  is  dropped  ioto 
an  alcohol  flame ;  or  it  may  be  disengaged  for  the  instant  from 
the  same  particles  by  electric  discharges  between  them,  as  when 
the  bright  lines  of  metallic  vapor  appear  in  the  spectrum  of  the 
spark  produced  by  an  induction  coil.  But  in  my  previous  ar- 
ticle I  nave  stated  reasons  for  believing  that  the  fi;as  is  of  a  more 
permanent  character — a  solar  atmosphere  through  and  in  which 
the  meteoric  particles  move  as  forei^  bodies. 

3rd-  A  true  sunlight-spectrum  (with  its  dark  lines)  formed  by 
photospheric  light  reflected  from  the  solar  atmosphere  and  me- 
teoric aust  To  this  reflected  sunlight  undoubtealy  is  due  most 
of  the  polarization,  and  were  it  possible  to  separate  the  polarized 
component  of  the  coronal  light  from  the  rest,  we  might  perhaps 
hope  to  find  in  it  traces  of  the  Fraunhofer  lines.  It  is  by  no 
means  impossible,  however,  that  the  spectroscopic  character  of 
reflected  light  may  undergo  some  change,  such  as  a  partial  oblit- 
eration or  degradation  of  its  lines,  when  the  reflecting  particles 
are  suflSciently  minute — small,  that  is  as  compared  with  the  di- 
mensions of  a  wave  of  light,  so  that  they  do  not  merely  reflect 
the  undulation  at  their  surfaces,  but  themselves  enter  into  mo- 
tion bodily.  Experiments  upon  the  spectrum  of  the  light 
emitted  by  one  of  the  so-called  actinic  clouds  would,  perhaps, 
clear  up  the  subject 

4th.  Another  component  spectrum  is  due  to  the  light  reflected 
from  the  particles  of  our  own  atmosphere.  This  is  a  mixture 
of  the  three  already  named,  with  the  addition  of  the  chromo- 
sphere spectrum  ;  for  while  at  the  middle  of  an  eclipse  the  air 
is  wholly  shielded  from  photospheric  sunlight,  it  is  of  course 
exposed  to  illumination  from  the  prominences  and  upper 
portions  of  the  chromosphere.  This  light  from  the  terrestrial 
atmosphere,  like  that  reflected  by  particles  near  the  sun,  is  evi- 
dently partially  polarized  in  radial  planes. 

And  if  there  is  between  us  and  the  moon,  at  the  moment  of 
eclipse,  any  cloud  of  cosmical  dust,  the  light  reflected  by  this 
would  come  in  as  a  fifth  element  It  would,  however,  onlv  dif- 
fer from  that  reflected  by  our  own  atmosphere  by  including  a 
greater  or  less  modicum  of  photospheric  sunlight 

Fujlhcnnore,  in  instruments  like  tliose  employed  by  Messrs. 
Al  >bay  and  Pye,  the  ehromosi)herG  spectrum  overlies  that  of  the 
corona,  and  increases  the  complication. 

It  would  seem,  therelore,  that  only  a  small  percentage  of  the 
liglit  which  I'alls  upon  the  slit  of  tlie  sj)ectroscope  during  a  towl 
eclipse  contains  the  Fraunhofier  lines  at  all,  and  it  ought  not  to 
he  considered  stran;ie  that  thev  are  not  readily  observed. 
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In  the  same  article  I  have  stated  that  the  photographs,  taken 
by  the  American  party  in  Spain,  appear  to  differ  essentially 
from  those  obtained  by  Mr.  Brothers,  in  Sicily.  This  statement 
was  based  upon  a  comparison  instituted  by  Mr.  Lockver,  Pro- 
fessor Winlock  and  myself,  between  a  copy  of  the  American 
photograph  and  a  drawing*  of  Mr.  Brothers  photograph,  which 
(drawing)  he  had  himself  sent  to  Mr.  Lockyer. 

There  was  a  general  and  even  striking  agreement  between 
the  two  in  respect  to  the  position  of  the  *  gaps '  and  the  distri- 
bution of  the  luminosity,  yet  there  certainly  were,  as  Mr.  L. 
pointed  out,  very  noticeable  and  important  differences,  and  of 
a  character  to  suggest  that  the  extensive  outside  radiance  might 
probably  be  of  a  less  permanent  character  than  the  leucosphere, 
and  of  a  different  origin. 

But  I  understand  that  when  photographic  copies  of  Mr. 
Brothers'  and  the  American  negatives  are  made  to  a  common 
scale  then  these  differences  disappear  and  the  agreement  becomes 
nearly  absolute  in  respect  to  all  essential  particulars.  If  this  be 
so,  it  certainly  bears  very  strongly  in  favor  of  those  theories 
which  assign  a  purely  solar  origin  to  the  whole  phenomenon. 

Dartmoath  College,  May  10, 1871. 
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L   Chemistry  and  Physics. 

1.  Note  on  Para-sulphohemoic  Acid ;  by  Ira  Remsen,  M.D., 
Ri.D.,  Assistant  in  the  University  laboratory,  Tttbingen,  Germany. 
•r-In  my  former  note,  (volume  i,  page  462),  I  stated  that  when  or- 
dinary sulphobenzoate  of  potassium  is  fused  with  hydrate  of  po- 
tassium, a  mixture  of  oxy benzoic  and  para-oxybenzoXe  acids  is  al- 
ways formed,  instead  of  pure  oxybenzolc  acid,  as  was  up  to  that 
time  supposed.  From  this  fact  1  concluded  that  two  salts  must  be 
contained  in  ordinary  sulphobenzoate  of  potassium. 

In  order  to  decide  this  point,  I  separated  the  free  acid  from  the 
same  potassium  salt  that  had  been  made  use  of  for  the  first  exper- 
iment described  in  the  note  mentioned.  This  was  accomplished 
by  decomposing  the  salt  with  the  necessary  quantity  of  sulphuric 
acid,  evaporating  to  dryness  and  extracting  with  alcohol.  With 
the  acid  mixture  obtained  I  prepared  an  acid  barium  salt,  by  neu- 
tralizing with  carbonate  of  barium,  dividing  the  solution  into  two 
equal  parts,  precipitating  the  barium  from  the  one  exactly  with 
sulphuric  acid  and  then  mixing  the  two  again.  On  evaporating 
this  solution,  it  became  filled  with  beautiful  needles  on  cooling. 

♦  I  am  not  sure  but  we  had  a  photo^aphic  copy  of  Mr.  Brothers'  dra^^ing  in- 
itead  of  the  drawing  itself;  but  we  did  not  have  a  photogrMphic  copy  of  the 
origin;)!  negative.    No  such  copies  had  then  been  made. 
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These  did  not  possess  the  least  resemblance  to  the  crystals  of  the 
known  acid  barium  salt  of  salphobenzolc  acid.  They  were  filtered 
off  and  recrystallized.  Their  form  was  not  changed  by  this  pro- 
cess. The  salt  was  now  repeatedly  recrystallized  from  water  and 
each  time  it  separated  in  needles  which  became  longer  and  more 
beautiful,  the  nner  they  became.  It  was  dried  by  being  allowed 
to  stand  for  some  time  over  sulphuric  acid,  and  then  subjected  to 
analysis.  It  contained  water  of  crystallization,  which  was  not 
driven  off  at  a  temperature  lower  than  250-260°.  The  salt  has  the 
formula  (Cj^HjoS^O^o)  Ba+SH^O.  The  analyses  gave  the  fol- 
lowing numbers : 

Found,         HjO     8-96  pr.  ct.  and    9-38  pr.  ct. 
Ba       25-34  pr.  ct.  and  25*38  pr."  ct. 

Calculated,   H^^O     9*10  pr.  ct.    Ba  25*41  pr.  ct. 

The  mother  liquor  from  these  needles  was  now  evaporated,  and 
\\\  this  way  a  salt  of  entirely  different  appearance  was  obtained. 
After  being  recrystallized  it  formed  very  regular,  beautifnl  mono- 
clinic  crystals,  which  resembled  the  known  acid  sulphobenzoate  of 
barium  in  every  respect.  This  salt  was  also  analyzed  and  the 
same  formula  found  for  it  as  for  the  needles.  The  water  of  crystal- 
lization escaped  at  200°. 

(  Found,  HaO     9*34  pr.  ct.         Ba     26-66  pr.  ct. ) 

(  Calculated,  HgO     9*10  pr.  ct.         Ba     26*41  pr.  ct.  ) 

Although  the  decided  difference  in  the  solubility  of  the  salts  and 
in  their  crystalline  form,  which  constantly  presented  itself,  made 
it  exceedingly  improbable,  it  was  still  possible  that  two  different 
conditions  of  the  same  salt  were  here  under  observation  and  not  two 
isomeric  salts,  particularly  as  the  analyses  had  shown  them  to  con- 
tain the  same  number  of  molecules  of  water  of  crystallization. 
There  was  hence  still  an  experiment  necessary  to  prove  the  isomer- 
ism. The  two  barium  salts  were  converted  into  the  neutral  potas- 
sium salts  and  these  melted  into  hydrate  of  potassium. 

The  potassium  salt  that  was  obtained  from  the  needles,  yielded 
perfectly  pure paroroxy benzoic  acid  as  the  only  product  of  the  reac- 
tion. The  acid  showed  all  the  characteristic  signs  of  para-oxyben- 
zoic  acid.  The  crystalline  form  was  the  same.  It  contained  water 
of  crystallization,  which  was  given  off  at  100°.  Its  melting  point 
was  exactly  210°.  The  crystals  were  very  regularly  formed  and 
possessed  a  mother-of-pearl  luster. 

The  nature  of  the  salt  that  crystallizes  in  needles  is  thus  ex- 
plained.     It  is  a  salt  o^ parorsidphohenzoic  acid. 

Acid  par  a-suljyhohenzoate  of  Barmra  is  difficultly  soluble  in  hot 
water  (much  more  so  than  the  known  corresponding  salt  of  nieta- 
su![)h()benzoic  acid),  and  almost  insoluble  in  cold  water.  When 
pure  it  crystallizes  from  a  hot  solution  during  the  ])rocess  of  filter- 
ing. Tf  it  he  now  redissolved  and  allowed  to  stand  quietly,  beau- 
tiful llattened  needles  are  found :*in  tlie  solution,  which  fill  the  en- 
tire  vessel  from  top  to  bottom. 
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The  neutral  potcuaium  salt  is  very  easily  soluble  in  hot,  as  well 
as  in  cold  water,  and  crystallizes  fi'om  its  concentrated  solution  in 
needles.     Owing  to  a  want  of  material  it  was  not  analyzed. 

The  potassium  salt,  obtained  from  the  monoclinic  barium  salt, 
on  being  fiised  with  hydrate  of  potassium,  yielded  only  oxybenzoic 
acid,  as  anticipated. 

The  principal  product  of  the  action  of  sulphuric  acid  on  benzoic 
acid  is  then  meta-sulphobenzolc*  acid,  while  at  the  same  time 
there  is  produced  in  all  cases  a  certain  amount  of  the  para  acid. 
As  may  be  seen  from  the  experiments  described,  there  are  condi- 
tions which  are  just  as  favorable  for  the  production  of  the  para- 
acid  as  for  that  of  the  meta-acid.  I  have  as  yet  however  but  once 
succeeded  in  meeting  these  conditions,  notwithstanding  the  fact 
that  a  large  number  of  experiments  were  made  with  this  object.  I 
first  repeated  the  preparation  of  sulphobenzolc  acid,  retaining  as 
closely  as  possible  the  conditions  under  which  the  first  prepara- 
tion took  place ;  the  chief  product  was  not  the  para-  but  the  meta- 
acid.  Owing  to  this  want  of  success  I  have  not  been  able  to  study 
the  properties  of  para-sulphobenzoXc  acid  better.  Although  its 
formation  was  proven  under  all  and  the  most  varied  circumstances, 
the  quantity  was  too  small  and  its  separation  too  difficult  to  ad- 
mit of  isolation.  When  present  in  larger  quantity  than  the  meta- 
acid,  as  was  the  case  in  tne  experiment  mentioned  above,  the  sep- 
aration by  means  of  the  acid  barium  salts  is  very  simple.  If,  how- 
ever, the  meta-salt  predominates,  on  evaporating  the  mother  liquor 
from  the  first  crystallization  both  salts  crystallize  out  together, 
forming  crystals  entirely  different  from  either  of  the  pure  salts, 
and  these  may  be  recrystallized  repeatedly  without  effecting  their 
separation  into  their  components. 

I  am  continuing  my  experiments  with  the  object  of  discovering 
the  conditions  of  the  formation  of  the  para-acid.  At  the  same  time 
I  shall  attempt  to  prepare  the  same  acid  by  the  oxidation  of  para- 
sulphotoluolic  acid,  and  will  probably  soon  be  able  to  report  on  its 
properties  more  exhaustively. 

Tubingen,  May  16. 

n.   Geology  and  Natural  History. 

1.  Mineral  silicates  in  Fossils;  by  T.  Sterry  Hunt.  (Com- 
municated).— Since  the  discovery  of  a  mineral  silicate  injecting 
fossils  in  a  paleozoic  limestone  from  New  Brunswick,  Dr.  Dawson 
has  examined  a  great  many  limestones  from  different  localities, 
to  obtain  further  facts  which  might  serve  to  throw  light  on  the 
history  of  Eozoon.  A  remarkable  example  of  a  similar  pheno- 
menon has  been  found  by  him  in  a  limestone  from  the  collection  of 
the  late  Dr.  Holmer,  marked  Llangedoe  (Wales),  and  preserved  in 
the  Museum  of  McGill  College.  The  rock  is  granular  crystalline, 
and  made  up  of  organic  remains,  chiefly  fragmentary,  for  the 
most  part  infiltrated  by  a  silicate  similar  to  that  from  Pole  Hill, 
New  Brunswick.     The  only  perfect  fossil  detected  by  Dr.  Dawson 

♦  Meta=l-3. 
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is  a  small  eoral-like  body  referable  to  the  ffenus  Verticillopora, 
an  Upper  Silurian  form.  The  limestone  includes  besides,  however, 
joints  and  plates  of  crinoids,  small  spiral  gasterojtod  shells,  with 
fragments  of  brachiopods  and  of  a  sponge-like  organism  with 
square  meshes.  All  of  these  fossils  are  more  or  less  penetrated 
with  a  greenish  silicate,  which  fills  the  cavities  of  the  gasteropods, 
the  central  canal  of  the  crinoids  and  the  pores  of  the  Verticillo- 
pora.  It  has  also  replaced  or  filled  the  spongy  fibers  and  injected 
the  minute  cells  of  some  of  the  crinoidal  fragments,  though  many 
of  these  are  solid  and  calcareous  throughout,  in  which  resi)ect  the 
specimen  differs  from  that  from  New  Brunswick,  described  in  this 
Journal  for  Alay,  1871  (p.  379),  where  the  infiltration  of  the  crin- 
oidal remains  Ls  much  more  complete  and  perfect.  Dr.  Dawson,  to 
whom  we  owe  these  observations,  supposes  that  in  both  cases  the 
infiltration  took  place  while  the  remains  were  still  recent. 

Decijlcified  surfaces  of  the  limestone  sliow  similar  ap])earance8 
to  those  j)resented  by  the  New  Brunswick  specimens ;  the  casts  of 
small  shells  like  Murschisonia,  two  millimeters  in  lengtn,  are  in 
some  cases  perfect.  The  limestone  is  nearly  pure,  with  the  excep- 
tion of  a  little  fine  yellow  ochreous  mud,  which  is  insoluble  in  dilate 
hydrochloric  acid,  and  remains  suspended  in  the  solution,  but  b 
easily  separated  by  washing  from  the  pale  greeuish-grav  silicate. 
This  equals  about  three  per  cent  of  the  weight  of  the  limestone. 
When  Ignited  in  the  air  it  assumes  a  bright  fawn  color,  and  under 
the  microscope  then  contrasts  strongly  with  the  colorless  grains 
of  quartz  or  other  hard  siliceous  minerals  with  which  it  is  mixed 
Its  analysis  by  Mr.  Sterry  Hunt  in  the  manner  described  for  the 
New  Brunswick  mineral  shows  that  it  scarcely  differs  from  this 
excej)t  in  being  more  hydrated  and  almost  identical  with  jollyte. 
It  gave,  after  deducting  21*0  per  cent  of  insoluble  sand,  the  fol- 
lowing composition  for  one  hundred  parts  :  Silica  35*32,  alumina 
22-66,  protoxide  of  iron  21*42,  magnesia  6*98,  potash  1*49,  soda 
0  67,  w^ater  1 1*46  z=  100*00. 

2.  j\Lt8todo)i  rem  (this  in  Central  Nem  York  ;  by  B.  G.  Wildeb. 
(Conimimicated.) — Five  teeth  and  many  bones  and  fragments  of 
the  Mastodon  have  been  discovered  in  a  deposit  of  modified  drift 
near  Ithaca,  New  York,  and  placed  in  the  Museum  of  Cornell  Uni- 
versity. Many  more  remains  will  doubtless  be  obtained,  as  the 
teeth  alrea<ly  indicate  the  existence  of  two  or  more  individuals; 
little  hope  is  entertained,  however,  of  finding  a  perfect  skeleton. 

3.  t^ucoUU  in  the  Coal  measures  of  Iowa. — Prof.  Wiiitb,  in  his 
"(4eoloixy  of  Iow\'i"  (vol.  i,  p.  -41),  notices  the  occurrence  of  forms 
identical  with  or  allied  to  Caahrpites  )inir(flHiitus^  in  the  Lower 
Coal-measures  of  Waj)ello  county,  Iowa,  and  of  other  forms,  more 
or  less  indistinct,  in  the  hiirher  portions  of  tlie  series  (see  p.  2^1, 

1.  4).  K.    H.    H. 

4.  P/tosp/tatir  jS'ntd  in  Sotff/t  (■((rolhia. — Prof.  C  U.  Shefard 
has  (lesciibed  a  di-posit  of  sand  over  the  |)hosphatic  nodular  hod 
of  Stone  Kiver,  wliich  has  resulted  fnnn  the  wear  of  the  latter  hv 
the  waters,  and  in  some  places  is  at  least  six  feet  thick.    A  portion 
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of  it,  after  drying  in  the  air,  was  found  to  contain  27  p.  c.  of  the 
phosphate  of  lime,  with  63-6  of  fine  (nearly  impalpahle)  and  coarse 
Band,  3'0  of  carbonate  and  sulphate  of  lime,  6*5  moisture  and 
organic  matter.  By  a^tation  in  water  the  lighter  flocculent 
siliceous  part  may  be  floated  ofl^  and  the  phosphatic  portion  thus 
concentrated  to  37  per  cent  of  the  remainder.  Prof.  Shepard 
observes  that  this  sand  deposit  appears  to  be  very  extensive.  He 
saesests  that  it  may  require,  after  washing,  to  be  treated  with 
Bofpharic  acid,  at  the  rate  perhaps  of  100  pounds  to  the  ton ;  the 
phosphoric  acid  would  thus  be  rendered  partially  soluble.  He 
observes  that  the  phosphate  is  in  too  impure  a  state  for  railroad 
exportation,  but  '^  for  use  on  lands  contiguous  to  water  its  future 
value  cannot  be  doubted." — Rural  Carolinian^  May,  1871. 

5.  CouEs  on  Anteroposterior  Symvietry,* — That  the  anterior 
and  posterior  limbs  of  vertebrates  are  homologous  is  now  ad- 
mitted by  all ;  but  the  majority  of  anatomists  hold  that  they  are 
to  be  compared  as  parallel  parts,  while  a  few  f  believe  that  they 
should  be  compared  as  symmetrical  or  antagonistic  parts,  as  are 
the  right  and  left  sides ;  the  former  relation  may  be  called  "  Syn- 
tropy,"  the  latter,  "Antitropy;"  and  the  advocates  of  these  ideas, 
"  Syntropists  "  and  "  Antitropists  "  respectively. 

The  latter  have  lately  been  joined  by  a  vigorous  ally,  to  whose 
work  attention  has  already  been  called  ;J  and  the  accession  is  the 
more  opportune  because  some  recent  English  writers  |  upon  inter- 
membral  homologies  have  regarded  the  question  as  already  de- 
cided in  favor  of  Syntropy,  and  in  the  determination  of  muscular 
homologies  they  take  for  granted  that  pollex  (thumb)  is  the 
homologue  of  primus  (great  toe),  whereas  the  antitropists  above 
mentioned  regard  the  relation  between  them  as  one  of  analogy 
only,  the  pollex  being  the  true  homologue  of  quintus  (little  toe) 
and  the  primus  of  mmimus  (little  finger).  The  propriety  of  this 
view  is  admirably  presented  by  Wyman,§  together  with  the  ob- 
vious objections  thereto  and  the  grounds  upon  which  these  objec- 
tions may  be  removed.^ 

•  Antero-posterir.r  Symmetry  with  special  reference  to  the  Muscles  of  the  Limbs ; 
by  Elliott  Ck)UE8,  M.D..  Assist  Surg.  U.  S.  A.;  New  York  Medical  Record,  July, 
1870,   et  eeq.,  pp.  149-152,  193-195,  222-224,  272-274.  297-299,  370-372,390- 
891,  43S-440. 
f  Agassiz,  Dans,  Foltz,  Wyman  and  the  writer. 
American  Naturalist  May,  1871. 
Flower,  Humphrey,  Mivart,  RoUeston. 

Symmetry  and  Homology  in  Limbs,  Proc.  Bost.  Soc.  Nat.  Hint.,  June  5th,  1867. 
J  'ftie  general  and  spedal  questions  here  involved  have  been  discussed  by  me 
tt  several  times  since  they  were  first  suggested  to  me  by  a  verbal  communication 
of  Prof.  Wyman  to  the  Bost  Soc.  Nat  Hist,  June  6th,  1860 :  and  I  shall  shortly 
poblish  a  somewhat  extended  paper  upon  the  subject,  (Proc.  Bost.  Soa  Nat  Hist, 
Apr.  19th.  1871)  containing  the  following: 

1.  An  historical  sketch  of  the  question.  2.  A  revision  of  the  nomenclatiu^  of 
pflTta.  3.  A  revision  of  the  nomenclature  of  ideas.  4.  Evidence  as  to  the  mor- 
phical  inconsequence  of  numerical  composition.  5.  Indication  of  general  problems. 
6.  Indication  of  special  problems.  7.  Chronological  list  of  76  special  works  upon 
intermembral  homologiea    8.  Alphabetical  list  of  227  collateral  works. 
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Dr.  Coucs  follows  closely  in  the  footsteps  of  his  distinguished 
predocessor,  "  not  blindly,  but  unable  not  to  see  the  validity  of  his 
arguments,"  (196)  and  therefore,  yaXh  a  few  minor  differences  or 
doubts  resi>ecting  details,  adopts  the  osseous  homologies  of  Wy- 
man  as  the  basis  for  the  determination  of  ^^  muscular  correspond- 
ences." In  respect  to  these  latter,  although  Dr.  Coues  is  led  to 
differ  materially  upon  some  points  from  my  own  previous  con- 
clusions, yet  he  has  generally  shown  such  good  reason  therefor, 
that  my  praise  of  this  part  of  his  work  is  unqualified,  and  I  am 
anxii)us  to  go  over  the  whole  ground  anew  in  the  light  of  his 
able  discussion.  To  consider  his  arguments  and  conclnsions  in  de- 
tail would  require  a  paper  equal  m  length  to  his  own,  and  I  re- 
serve this  task  for  some  future  occasion  when  his  later  and  most 
instructive  paper  upon  the  myology  of  Omithorhynchus  can  be 
included;  the  general  and  special  problems  involved  are  dis- 
cussed at  some  length  in  the  paper  already  referred  to. 

But  whUe  ready  to  express  the  most  hearty  admiration  of  Dr. 
Coues'  labors,  and  confidence  in  his  ability  to  even  surpass  them 
in  future,  I  am  forced  to  criticise  some  of  his  methods.  In  the 
first  place  he  has  "  no  acknowledgments  to  make"  excepting  to 
three*  (149),  and  therefore,  whatever  satisfaction  may  be  derived 
from  having  so  taken  up  the  subject  fresh,  he  has  also  lost  the 
benefit  of  the  checks  which  an  acquaintance  with  many  and  dif- 
ferent views  exerts  upon  the  tendency  to  the  exclusive  adoption  of 
any  one  ;  and  he  has  thus,  as  it  seems  to  me,  been  led  to  adopt  a 
faulty  method  from  each  of  his  predecessors. 

He  has  unconsciously  imitated  Owen  in  the  use  of  many  dif- 
ferent and  often  ponderous  expressions  for  the  same  idea  "in 
order  to  avoid  monotony,"!  whereas,  in  homologies,  as  in  mathe- 
matics, each  object  and  idea  should  be  known  by  a  single  term, 
and  by  that  alone ;  since,  of  all  the  natural  sciences,  this  demands 
the  closest  attention,  and  the  absence  of  all  secondary  considera- 
tions. 

Dr.  Coues  has  accepted  miquestioned  the  view  of  the  normal  posi- 
tion of  the  membra  for  comparison  which  was  first  proposed  bv 
Wyman,  and  adopted  by  Foltz,  Folsom  and  myself;  this  view  is 
based  upon  the  proposition  of  Wyman,  (op.  cit.  266)  that  "  the 
knees  and  elbows  in  all  animals  are  bent  so  as  to  form  angles 
pointing  in  opposite  directions ;"  if  we  except  the  fishes,  this 
generalization  is  correct,  provided  the  membra  are  placed  in  the 
position  they  have  with  most  quadrupeds ;  but  Goodsir,  Humphrey, 
Jhixlcy  and  Wyman  himself  have  shown  that  this  is  not  their 
prl  mil  I'll  position,  and  it  is  quite  possible  tliat  Wyman  and  Coues 
miirlit  h;ivo  followed  Iluxlev  in  donyinu:  that  it  is  their  normoii 
position,  had  they  road  his  pa]>er;  the  desire  to  admit  this  radical 
change  in  my  own  views  upon  tins  point  was  one  of  the  chief  mo- 
tives for  the  pre])aration  t)f  tlie  paj)er  already  referred  to,  since  do- 

*  Owen,  Wyman  and  tlie  writer. 

\  As  for  instance.  "  two-jointed  thinnb  "  is  roiiple<l  with  ''  liartiadaUd  irroat  too." 
p.  193;  and  in  a  few  cases  there  is  tnutoloiry,  a^?  in  "  morj)hologicalIy  homologous "' 
and  ••  teleologically  analogous,"  p.  194. 
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ing  80  inyolves  a  concession,  though  not  essential  one  to  the  idea 
of  syntropy. 

finally.  Dr.  Coues  has  accepted  from  the  writer  a  nomenclature 
of  ideas,  (Antitypy,  <fcc.,)  which  was  itself  based  upon  Owenian 
phraseology,  which  was  in  no  way  expressive  of  the  ideas  desig- 
nated thereby,  and  which  I  now  propose  to  discard  for  a  more 
significant  nomenclature  derived  from  a  term  (Antitropy)  already 
in  use.  I  have  commented  upon  some  of  Dr.  Coues^  methods  the 
more  freely,  in  part  because  of  my  unqualified  admiration  of  his 
real  individual  work,  but  chiefly  because  as  regards  the  use  of 
many  and  long  words,  and  the  acceptance  of  the  peculiar  views  of 
single  authors,  my  own  sins  have  been  more  and  greater  than  his 
can  ever  be.  b.  g.  w. 

6.  Sttpplement  to  "  Annilides  chkopodea  du  Golfe  de  Naples,'*'^ 
— Clapai^e  has  published  a  Supplement  to  the  Annelids  of  the 
Gulf  of  Naples  especially  interesting  for  its  complete  observations 
(m  the  singular  phenomena  of  reproduction  of  the  Nereids,  which 
were  barely  suspected  at  the  time  the  principal  part  of  his  mono- 
graph appeared. 

Malmgren  in  1864  was  first  led  to  suspect  a  genetic  relation  be- 
tween Nereis  and  Heteronereis,  from  a  comparison  of  Nereis 
pelasgica  and  Heteronereis  grandifoUa^  showing  nearly  an  abso- 
lute identity,  with  the  exception  of  the  peculiar  foliaceous  append- 
ages and  bristles  of  the  posterior  part  and  other  minor  characters 
only  developed  at  the  period  of  sexual  maturity.  This  led  him  to 
look  upon  certain  species  of  Nereis  as  the  agamous  stock  of  sexual 
mdivianals  appearing  as  Heteronereis.  Subsequently  having  found 
eggs  in  this  presumed  agamous  Heteronereis  stock,  he  came  to  the 
conclusion  that,  although  all  the  species  of  Iphinereis  and  Hetero- 
DereiA  were  only  sexual  forms  in  series  of  generations  still  un- 
known, yet  that  at  some  time,  during  sexual  maturity  a  stage  of 
one  of  the  polymorphous  species  of  Nereis  assumes  the  characters 
of  Heteronereis,  to  lose  them  subsequently  and  return  to  its  ag- 
amous stage.  Malmgren  accounted  for  the  genetic  relations  by  an 
alternate  generation  at  first,  and  afterwards  by  a  metamorphosis ; 
both  of  which  hypotheses  Clapar^de  shows  conclusively  are  justifi- 
able. Ehlers  has  shown  that  a  large  number  of  species  of  Hetero- 
nereb  were  only  sexual  forms  of  previously  known  species  of 
Nereis,  and  interprets  these  facts  in  favor  of  a  metamorphosis  of 
Nereis  into  Heteronereis. 

This  was  the  condition  of  the  problem  when  Clapar^de  resumed 
the  subject  and  showed  conclusively  (from  the  study  of  living 
Annelids)  that  there  is  a  genetic  relation  between  Nereis  and 
Heteronereis,  but  he  shows  as  conclusively  that  all  Nereids  do  not 
have  their  Heteronereis  form,  as  had  been  taken  for  granted  by 
Ehlers,  and  that  there  is  in  the  Annelids  of  this  faimly  a  poly- 
morphism almost  without  parallel  in  the  animal  kingdom.  Taking 
the  species  which  he  has  most  carefully  studied  (Nereis  (Jjeontis) 
DurneriUit)  we  have  first  a  sexual  form  as  Nereis,  two  sexual 
forms  as  Heteronereis,  and  a  fourth  hemaphrodite  foim  discovered 
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by  Mecznikow.  Lb,t^  full  grown  tpedmemi  of  Nerm*  Dum&HSUi 
are  all  tranBfonned  into  Heteronereis,  while  the  small  dimimilifi 
individufds  alone  beoome  matured  as  Nereia.  Of  the  two  Mzoil 
forms  of  Heteronereis  one  is  small,  extremely  aetiTe,  awimniiig 
freely  about  and  eminently  pelasgio,  the  other  is  dog^^ah,  iemaia> 
ing  more  or  less  stationary  at  the  bottom  of  the  sea.  The  ^mk 
tions  in  sise  of  individuals  becoming  sexual  as  Nerds  or  <*wgTffg 
into  Heteronereis  are  considerable,  and  it  may  be  that  a  wpmtk 
can  arrive  at  maturity  in  all  sta^  of  growth,  may  Babaeqnsodj 
lose  all  traces  of  its  sexuality^  mcrease  in  siae  and  in  nmnberdT 
segments,  to  take  on  late  warn  sexual  chaiaeters  and  be  tnas* 
formed  into  Heteronereis.  Absolute  certainty  of  the  aequcnoe  of 
these  changes  can  only  be  obtained  by  tracing  them  in  si 
aquarium. 

This  Supplement  is  illustrated  by  fourteen  excellmit  platea^ooB* 
pleting  data  left  more  or  less  imperfect  in  the  first  part  Tlisn 
are  excellent  observations,  and  finres,  on  the  eyes  of  Aldopidfl^ 
confirmatory  of  former  papers  by  Krohn  and  Levdig  on  the  ssaa 
subject,  adoing  many  new  points  of  oonsiderable  phyiiologiflil 
importance.  &  the  prefSftoe,  ClapaiMe  promises  ns  an  extended 
memoir  on  the  hirtology  of  Annelids  (for  which  he  has  maaj 
thousand  admirable  preparations),  he  calls  attention  to  the  witea 
tiou  of  many  specific  names  first  introduced  by  Delle  Chii^e  whick 
have  usually  been  neglected*  As  a  market  his  appreoiation of 
Delle  Chiaje's  work  he  fittingly  dedicates  to  him  the  uoring  oh^ 
ters  of  this  excellent  contribution  to  the  fauna  of  die  Bay,  when 
he  worked  so  long  and  so  successfully.  a.  a& 

7.  JHapenaiaceak — ^To  the  account  of  this  small  groap  of  plantii 
as  given  in  a  paper  entitied:  ^ BeeamirucUan  of  the  ordhr 
.DiapetisitxeecB^  presented  to  the  American  Academy'  in  JuMi 
1870,  and  issued  at  the  close  of  the  year.  Dr.  Maxmiowic^  in 
the  ninth  decade  of  his  MUanffes  JBMogiquea^  published  by  the 
St.  Petersburffh  Academy  this  spring,  has  added  some  interesting 
comments  ana  observations.  He  first  remarks  that  he  notonlj 
approves  of  the  association  of  Sehizocodan  and  €faltm  with  Ma- 
pensiuy  but  had  himself  suggested  it  in  the  year  1867,  in  a  letterto 
Pro!  Bunge,  who  had  responded  in  favor  of  the  sng^o^estion.  He 
also  now  concludes  that  botii  Shortia  and  Shitocodan  are  probably 
to  be  maintained  as  genera;  the  former  including  Sehiasoeodan  utir 
Jhrus  as  a  second  species  is  most  likely  distinct  from  the  AUesha- 
nian  plant  and  clearly  different  from  Schizocodon  ^oidaneUatdm. 
This  opinion  is  grounded  mainly  upon  a  drawing,  which  appu^ 
ently  represents  the  plant  in  question,  in  a  Japanese  work  m  hie 
possession,  and  which  exhibits  the  corolla,  this,  curiously  enough, 
being  wanting  in  the  about  30  known  specimens  of  the  Japaneee 
plant,  as  well  as  in  the  solitary  American  specimen.  The  closely 
adherent  testa  of  the  seed  and  the  slender  style  are  the  most 
marked  characters. 

In  the  same  publication  Dr.  Maximowicz  characterizes  a  remark- 
able new  Japanese  genus,  EUisiophyUxmi  (so  named  from  the  like- 
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Dees  of  the  leaves  to  those  ^of  EUiaia)  which  is  intermediate  be- 
tween HydrophyUacea  and  Polomoniacew.  The  habit,  dicarpillary 
ovary  hirsute  at  apex,  and  imbricated  petals  are  suggestive  of 
the  former  order ;  but  the  undivided  style,  central  placentation, 
and  especially  the  mucilaginous  seed-coat,  place  it  rather  in  the 
latter. 

Dr.  Maximowicz,  moreover,  has  ascertained  that  our  Euodia 
ramiflora  is  Thunberg's  Orixa  Japonica^  of  which  only  male 
flowers  were  known ;  and  he  restores  that  genus,  referring  it  to 
the  neighborhood  of  jEJitodia,  a.  g. 

8.  J^orm  and  SctUpture  of  Seeds, — Prof.  Lange  of  Copenhagen 
has  published,  in  Botaniak  Tidssh^ift^  1870  (in  Danish)  an  inter- 
esting paper  upon  this  subject,  which,  as  botanists  know,  often 
furnishes  excellent  characters  to  distinguish  otherwise  similar 
species.  He  treats  here  of  Pyrolacem^  DroseraceoB^  Cerastium^  and 
especially  of  Pedicularis^  with  illustrations.  In  two  plates,  filled 
with  beautiful  colored  figures,  the  seeds  of  2b  species  of  Pedicu- 
karis  are  strikingly  depicted.  a.  g. 

9.  MypocotyUdonary  Gemmation  is  of  uncommon  occurrence. 
My  attention  has  been  called,  by  Mr.  Guerineau,  the  gardener  of 
the  Cambridge  Botanic  Garden,  to  a  remarkable  instance,  which 
occurs  in  all  our  seedlings  of  Delphinium  7iiidicaiUe^  the  unique 
red  or  red-and-yellow-flowered  species  of  California.  As  this  spe 
cies  is  now  in  European  cultivation,  and  a  probable  variety  of  it, 
J).  Cardinale  was  raised  and  figured  in  England  several  years 
ago,  the  peculiarity  in  question  is  likely  to  have  been  noted ;  but 
I  nave  seen  no  account  of  it  In  germination,  the  slender  radicle 
elevates  a  pair  of  well-formed  ovate  cotyledons  in  the  usual  way. 
These  acquire  full  development ;  but  no  plumule  appears  between 
them ;  consequently  the  primary  axis  is  here  arrested.  Soon  a 
oassiform  thickening  is  formed  underground  at  the  junction  of  the 
lower  end  of  the  radicle  with  the  true  root :  from  this  is  produced 
a  slender-petaled  3-lobed  leaf,  which  comes  up  by  the  side  of  the 
primary  plantlet ;  soon  a  second  leaf  appears,  and  so  on,  setting 
up  the  permanent  axis  of  the  plant  from  a  bud  which  thus  origi- 
nates from  the  very  base  of  a  well-developed  radicle,  if  not  from 
the  root  itsel£  a.  g. 

III.   Astronomy. 

1.  A  remarkable  Meteor;  by  R.  H.  Thurston,  U.  S.  N.  (Com- 
municated.)— While  standing  on  the  deck  of  the  steamer  "  Electra/' 
last  evening,  en  route  from  Frovidence  to  New  York,  I  was  start- 
led by  a  sudden  flash  of  bright  blue  light  which  illuminated  the 
whole  heavens  and  was  instantaneously  succeeded  by  an  equally 
intense  red  flash  which  again  gave  place  to  blue.  Turning  sud- 
denly, I  saw  a  falling  meteor,  which  was,  so  far  as  my  knowledge 
extends,  unique. 

It  exhibited  a  nucleus  of  blue,  with  a  long  flame-like  train  also 
blue  in  color  except  on  the  south  side  where  a  portion,  equal  to 
perhaps  one-third  of  the  whole,  was  of  a  brilliant  red. 


64  /Scientific  Intelligence. 

The  height  of  the  meteor,  at  disappearance,  was  about  29°  aboTe 
the  horizon,  its  bearing  nearly  dne  east  from  Watch  Hill  Light, 
and  the  time,  at  that  place,  not  far  from  9:15  p.  ii.  It  was  aboat 
26'  in  length,  and  6'  in  width,  moving  directly  downward. 

Stevens'  Institute  of  Technology,  Hoboken,  N.  J.,  June  15th,  1871. 

IV.  Miscellaneous  Scientific  Intelligence. 

1.  On  the  influence  of  a  covering  ofSnouy^on  Climate;  by  A. 
WojEiKOF,  Member  of  the  Imp.  Russ.  G^ogr.  Society.  (Com- 
municated).— The  influence  of  a  layer  of  snow,  resting  on  the 
earth's  surface  in  the  colder  portions  of  the  earth  during  winter, 
has,  to  my  knowledge,  never  been  considered  in  its  general  bear- 
ing on  the  climate  and  the  conditions  of  the  population  living  in 
these  countries. 

Tlie  tirst  and  most  apparent  influence  of  snow  is  the  protection 
it  aflbrds  to  our  crops  from  the  cold  of  winter.  Where  the  snow- 
mantle  appears  regularly,  winter-crops  are  always  sure,  be  the  cold 
ever  so  intense.  In  the  steppes  of  south  and  east  Russia,  where 
little  snow  falls  in  winter,  and  this  small  quantity  is  often  blown 
away  by  the  strong  winds,  winter  crops  are  scarcely  attempted  at 
alL  On  the  northern  coasts  of  the  Black  Sea,  summer  wheat  and 
Indian  com  are  very  good,  but  winter  wheat  is  a  precarious  crop, 
while  to  the  north,  in  Podolia,  it  is  the  principal  crop.  There  the 
forests  afford  a  protection  against  the  wind,  the  snow  falls  more 
copiously  and  cannot  be  blown  away. 

As  a  bad  conductor  of  heat,  the  snow  isolates  the  warmer  soil 
from  the  cold  air  above,  and  there  is  no  doubt  that  it  renders  also 
the  winter  cold  more  intense,  as  the  air  cannot  receive  heat  from 
below.  In  countries  where  the  snow-covering  is  not  permanent, 
as  Western  Europe,  this  influence  of  snow  is  well  known,  and 
people  expect  great  cold  where  a  layer  of  snow  has  fallen  and  the 
sky  clears.  In  countries  where  snow  usually  lies  the  whole 
winter,  as  Russia  and  the  northern  parts  of  America,  this  is  not 
generally  understood,  and  in  Russia  people  say  it  is  colder  with- 
out snow  than  with  it.  This  feeling  is  quite  natural.  The  first 
frosts  of  autumn  are  more  severely  felt  because  the  human  body  ia 
not  accustomed  to  them,  and  also  because  the  air  is  drier  than 
with  snow,  and  a  cold,  dry  wind  is  more  severely  felt  than  a  cold 
moist  one. 

The  great  relative  humidity  of  the  air  is  a  most  important  fea- 
ture of  the  countries  covered  with  snow  in  winter.  It  is  as  easy 
to  account  for  it  as  for  the  humidity  of  an  island  in  the  middle  of 
the  ocean  or  of  a  i)lace  situated  in  an  extensive  swamp-tract 
The  wind  may  come  from  every  side  ;  it  has  always  to  pass  over  a 
large  evaporating  surface,  and  absorbs  moisture  if  it  was  originally 
dry.  In  countries  where  cold  strong  winds  predominate,  as  in  the 
greater  part  of  N.  America  and  Eastern  Asia,  this  will  be  less 
the  case,  as  the  whids,  rapidly  passing  over  the  land,  have  not  the 
time  for  nl  sorbing  much  moisture,  and  the  dryness  of  the  air  in 
the  Ignited  States  is  felt  by  Europeans  gomg  there.  ]>ut  in 
countries  situated  like  Europe  and  Western  Asia,  where  the  cold 
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inds   mre  usually  weak,  and  only  the  waim  southerly  winds 
rong,  the  air  will  be  always  nearly  saturated,  when  the  soil 
i8  a  snow-covering,  as  the  cold  winds,  in  their  slow  progress, 
ive  the  time  for  absorbing  moisture.    This  feature  of  climate  is 
tremely  important  in  the  examination  of  storms.     It  was  one  of 
e   chief  merits  of  Espy  to  have  pointed  out  the  importance  of 
per  in  the  origin  and  progress  of  storms,  and  this  is  now  gene- 
lly  admitted.  If  a  storm  is  signalized  and  the  beginning  of  its  path 
sited,  it  is  important  to  know  the  quantity  of  vapor  disseminated 
the  countries  where  it  is  likely  to  pass,  and  the  quantity  which 
%y  be  expected  to  be  condensed  as  rain  and  snow.     K  ow,  the 
wrer  the  temperature  falls,  the  more  uncertain  are  observations 
the  psychrometer,  and  I  am  of  the  opinion  that  it  is  not  a  sure 
ide  below  the  freezing-point     This  stated,  it  is  very  important  to 
ve  some  general  idea  as  to  the  quantity  of  vapor  over  the  cold 
aces  of  the  earth's  surface.    Now  in  countries  situated  like  Europe, 
tative  humidity  will  scarcely  fall  below  75-80°  so  long  as  the  earth 
covered  with  snow,  so  that  the  quantity  of  vapor  m  the  air  of 
ese  regions  may  be  very  nearly  known  if  we  know  the  tempera- 
re.     In  an  examination   of   the  barometric  range  in  European 
issia  and  Siberia,  some  time  ago,  I  have  stated  that  not  only  the 
efisnre  of  the  air  rises  in  winter  as  we  advance  from  the  western 
aBt  of  Europe  into  the  interior  of  the  continent,  but  the  baro- 
itric  minima  rise  even  more,  so  that  for  example,  in  Nertschinsk, 
Eastern  Siberia,  the  middle  barometric  minima  of  January,,  re- 
ced  to  the  sea-level,  are  30*28  in.,  and  the  lowest  pressure  happen- 
pn  17  years  in  this  month  was  equal  to  29*93.   If  we  consider  that 
tfab  place  the  temperature  never  rises  above  14°  F.  in  January, 
9  effect  of  cold  and  small  quantity  of  vapor  in  the  air,  in  arrcst- 
l  the  progress  of  storms  in  winter  will  be  clearly  seen.     In  Euro- 
an  Russia  the  barometric  minima  are  lower  in  winter  than  in 
i  other  seasons.     This  shows  that  the  storms  of  the  Atlantic 
ce  their  course  over  our  countrjr.     Speaking  generally,  the  path 
storms  is  from  N.W.  to  S.E.  in  winter,  because  they  cannot 
vance  in  an  eastward  direction  as  the;^  began,  being  arrested 
the  cold.    The  colder  the  temperature  is,  the  sooner  the  storms 
ist  turn  to  the  southward,  and  this  will  be  much  more  the  case 
January  than  in  November  and  March,  when  the  storms  of 
irope  sometimes  advance  into  the  interior  of  Siberia. 
Another  feature  of  the  snow  is  that  of  arresting  the  progress  of 
nperature  above  the  freezing-point  so  long  as  it  lies.     In  rising 
ore,  the  heat  is  employed  in  melting  the  snow,  or  in  the  Ian- 
age  of  the  mechanical  theory  of  heat,  it  is  transformed  into  work, 
e  have  some  striking  facts  of  this  kind  in  Russia.    For  example, 
maul,  in  Western  Siberia,  has  a  winter  temperature  lower  than 
Petersburg,  by  nearly  18®  F.     Yet  the  thermometer  sometimes 
es  as  high  as  in  this  last  place  in  winter,  because  Barnaul  has 
)  Kirghi-steppes  to  the  southwest.    As  they  are  seldom  covered 
h  snow,  warm  winds  can  pass  across  them  and  without  losing 
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their  heat,  while  before  arriving  at  St.  Petersburg,  they  must  lose 
much  of  their  heat  in  melting  the  snow  over  an  extensive  tracL 
The  result  is,  that  seldom  a  wmter  month  passes  without  tempera- 
tures above  freezing-point,  but  in  January  and  February  the 
thermometer  does  not  rise  above  39®,  while  at  Barnaul  a  tempera- 
ture of  42°  may  occur  at  that  time,  (for  example  on  the  4th,  5th 
and  Gth  of  February,  1866). 

I  have  mentioned  already  the  effect  of  the  snow  in  checking 
the  rise  of  temperature,  and  employing  more  abundant  heat  in 
meltin^^.  This  is  most  felt  in  spring,  and  lowers  much  the  tem- 
perature of  this  time  of  the  year,  as  for  example,  while  in  Central 
Europe,  at  some  distance  of  the  sea,  April  has  nearly  the  same 
temperature  as  October,  in  the  same  latitude;  in  Russia  the 
warmth  of  the  sun^s  rays  cannot  raise  the  temperature  of  the  air 
so  much,  and  April  is  generally  4®  F.  colder  than  October,  while 
May  has  the  same  temperature  as  September.  As  soon  as  the 
snow  is  melted  our  climate  assumes  its  true  continental  character. 
In  more  northern  parts  of  Russia  it  is  May  which  stays  behind 
September;  as  for  example,  at  Archangel,  Berezoe  and  even 
Yakutsk  in  one  of  the  most  continental  clmiates  of  our  planet  in 
this  last  place  May  is  more  than  3°  colder  than  September,  while 
March  is  13^°  warmer  than  November. 

I  must  now  state  a  last  point,  the  influence  of  forests  in  eqnalif- 
ing  the  layer  of  snow  and  giving  to  it  all  its  beneficial  ef^^cta. 
Without  the  forests  a  great  mass  of  snow  is  often  a  check  to  idl 
communication,  as  for  example,  at  this  moment  in  South  Russia, 
where  most  of  the  railways  are  stopped.  The  untisually  great  ma« 
of  snow  is  blown  in  all  directions  by  the  wind,  unimpeded  by  trees, 
as  some  of  these  places  were  always  steppes,  in  others  man  was 
too  short-sighted  to  let  the  trees  stand.  The  effect  of  the  melting 
of  snow  on  the  rising  of  rivers  will  be  quite  different  in  a  wooded 
and  a  bare  country.  In  the  first  the  snow  will  lie  sometimes  I 
a  month  longer  than  in  the  last,  and  accordingly  the  floods  of  the 
rivers  will  be  longer  continued  but  less  hiffh  and  devastating. 
Every  one  who  has  inhabited  the  country  will  be  struck  by  thw 
fact  and  its  bearing  on  the  climate  and  the  well-being  of  the  popu- 
lation all  around.  Grenerally  speaking,  as  I  have  stated,  the 
effects  of  a  layer  of  snow  are  beneficent  to  man.  The  propo^ 
tion  of  the  crops  is  of  enormous  economical  worth.  The  greater 
moisture  of  the  air  is  also  good,  and  even  the  cold  of  spring, 
caused  by  the  melting  of  snow,  has  its  good  side.  The  too 
rapid  advance  of  vegetation  in  early  spring  is  checked  by  it,  and 
protracted  to  a  time  when  the  vegetables  have  less  to  fear  from 
night  frosts.  Northern  P]urope,  for  example,  suffers  much  less 
from  tliis  curse  than  the  south,  where  the  returns  of  cold  in  spring 
cause  great  damage  every  year.  Only  two  serious  effects  are 
sometimes  felt,  the  interruption  of  communication  in  snow  storms 
and  the  great  floods  of  spring.  But  both  of  these  drawbacks  can 
be  avoided  by  tlie  foresight  of  man,  as  forests  arrest  the  progress 
of  winds  and  cause  a  slow  molting  in  spring,  so  as  to  store  a  great 
quantity  of  water  to  supply  our  rivers. 

St.  Petersburg,  20th  February,  1871. 
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2.  ScietUific  Expedition  from  WiMiama  College, — The  scientific 
xpedition  trom.  WilliamB  College,  consisting  of  five  members  of 
le  present  senior  class,  under  the  charge  of  H.  M.  Myers,  which 
?ft  the  States  last  November  for  the  purpose  of  making  explora- 
ions  and  collections  in  Central  America,  returned  from  that  coun- 
ry  in  March,  having  successfully  accomplished  the  objects  pro- 
ceed. The  party  spent  some  time  upon  the  elevated  plain  of 
/Omayagua,  in  Spanish  Honduras,  where  they  found  the  climate 
lost  salubrious.  One  of  the  immediate  results  of  the  expedition 
I  a  ^Jke  addition  to  the  cabinets  of  Williams  College.  The  omi- 
hological  specimens  secured,  taken  in  connection  with  those  added 
o  the  museums  by  the  expedition  to  South  America,  in  1867,  give 
he  college  a  most  valuable  collection  of  tropical  birds.  Among 
he  additions  to  the  archaeological  department  are  two  interesting 
tatues  exhumed  at  Corosal,  in  British  Honduras,  ninety  miles 
onth  of  Belise.  The  work  upon  these  images,  cut  from  limestone 
ock,  is  quite  finely  executed ;  and  being  still  in  a  good  state  of 
^reservation,  they  are  valuable  a^d  interesting  relics,  marking  the 
dvanees  in  civilization  made  prior  to  the  occupation  of  the  country 
y  the  Spaniards.  Although  the  table-lands  and  the  Pacific  coast 
•t  these  Central  American  States  have  been  frequently  visited  by 
ollectors,  the  low  coast-lands  of  the  northern  slope  have  been  al- 
Qost  entirely  passed  by  on  account  of  their  unbealthfulness.  Col- 
ections  from  these  comparatively  new  fields  are  especially  valua- 
ble; moreover,  the  richness  of  the  fauna  and  flora  offer  every 
ndncement  to  the  naturalist.  It  was  upon  these  lowlands  that 
he  WiUiams  College  party  made  their  largest  collections. 

3.  Description  of  a  Tide- Gauge  for  cold  climates ;  by  John  M. 
{atchsldeb,  of  Cambridge,  Mass. — This  instrument  is  intended 
or  registering  the  height  of  th«  tide  at  stations  where  the  float 
ind  box  commonly  used  are  liable  to  be  obstructed  by  ice. 

A  strong  iron  tube,  about  four  inches  in  diameter,  is  firmly  bolt- 
d  to  a  wharf  or  pile.  It  is  open  at  the  top,  and  has  at  the  lower 
nd  a  nipple  to  which  an  Indiarrubber  bag  is  fastened, — the  length 
^  the  tube  being  sufficient  to  allow  the  elastic  bag  to  be  always 
nbmerged  at  the  lowest  stage  of  the  tide. 

The  bag  is  supported  by  a  suitable  shelf,  or  cage,  and  is  filled 
rith  glycerine,  which  is  poured  in  at  the  top  of  the  tube.  When 
n  this  condition  the  glycerine  rises  and  falLs  within  the  iron  tube 
n  proportion  to  the  varying  height  and  pressure  of  the  column  of 
rater  above  the  rubber  bag,  the  difference  in  the  height  of  the 
wo  oolumns  being  in  proportion  to  the  difference  of  the  specific 
fmvity  of  the  water  and  the  glycerine.  The  parts  above  described 
Dtme  protection  from  floating  ice,  and  prevent  congelation  within 
he  iron  tube. 

A  copper  tube,  about  three  inches  in  diameter,  closed  at  the  bot- 
om,  and  open  at  the  top,  is  placed  within  the  iron  tube,  and  floats 
D  the  glycerine :  if  left  free  it  would  rise  and  fall  with  the  chang- 
ng  level  of  this  liquid.  The  length  of  the  central  tube  is  a  little 
pieater  than  the  whole  range  of  the  tide. 
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Near  the  upper  end  of  the  outer  tube,  there  are  three  spiral 
springs,  fixed  at  the  top  and  united  at  the  bottom  by  a  plate  or 
disk,  from  which  the  central  copper  tube  is  suspended.  From  a 
stem  fixed  to  the  center  tube  or  float,  and  moving  with  it,  a  string 
or  chain  leads  over  a  single  pulley,  and  gives  horizontal  motion  to 
the  pencil  carriage  of  the  recording  apparatus. 

The  distance  that  the  central  tube  is  to  move,  vertically,  is  ad- 
justed to  agree  with  the  required  range  of  the  pencil  upon  the 
record  paper,  by  placing  within  it  suit2U>le  weights. 

As  the  glycerine  falls  or  rises  in  the  annular  space  between  the 
iron  tube  and  the  central  float,  the  spiral  spring  at  the  top  is  more 
or  less  extended,  the  extension  being  uniform  on  account  of  the 
cylindrical  form  of  the  float. 

It  is  not  necessary  that  the  India-rubber  bag  be  enclosed  in  a 
pertbrated  box  for  the  purpose  of  preventing  oscillation :  as  it  is 
always  submerged,  and  tne  pressure  upon  it  is  equal  to  the  weight 
of  a  column  of  water,  having  its  base  at  the  bag,  and  its  smnmit 
at  the  mean  level  of  the  surface  waves. 

This  instrument  has  been  constructed  by  the  United  States 
Coast  Survey,  and  is  now  in  operation  at  the  tidal  station  in  the 
Boston  Navy  Yard. 

4.  American  Weather  Notes  ;  by  Pliny  Eablk  Chase.  (Bead 
before  the  American  Philosophical  Society,  March  3,  1871. — ^The 
signal  service  observations  of  our  War  Department  have  already 
shown  the  value  both  of  Buys  Ballot^s  law  and  of  Capt.  Toynbee  a 
modification  in  predicting  changes  of  wind,  especially  if  due  regard 
is  paid  to  the  barometric  variations  of  the  two  previous  days. 
They  have  also  suggested  the  following  general  deductions,  some 
of  which  may  perhaps  prove  to  be  true  only  of  the  winter,  while 
others  seem  to  be  explicable  by  natural  circumstances  of  position 
and  physical  configuration,  which  must  be  operative  at  all  seasons. 

(1.)  Winds  varying  like  the  land  and  sea  breezes,  are  often  trace- 
able, especially  in  the  lull  which  follows  the  passage  of  storms,  to 
differences  of  temperature  in  the  neighborhood  of  the  great  lakes, 
and  of  mountain  peaks  and  ridges. 

(2.)  The  wind,  especially  in  the  Southern  States,  often  blows  di- 
rectly in  the  line  of  the  greatest  barometric  gradient.  But  even 
in  such  cases,  after  a  few  hours  continuance,  it  tends  toward  the 
azimuth  indicated  by  Buys  Ballot's  law. 

(3.)  The  isobaric  lines  are,  therefore,  often  of  less  relative  impo^ 
tance  than  the  gradients  in  forming  forecasts. 

(4.)  Long  ridges  of  high  barometer,  as  observed  by  Espy  and 
others,  with  adjacent  troughs  of  low  barometer,  often  traveree  the 
contiiiont,  sometimes  with  slight  deflection,  sometimes  having  a 
semicircular,  circular,  or  elliptical  curvature,  with  a  diameter  of 
three  thousand  miles  or  more.  Such  ridges  usually  have  a  steeper 
(Kclivity  and  stronger  winds  on  their  northerly  an<]  easterly  than 
on  their  southerly  and  westerly  sides. 

(o.)  Currents  with  an  anti-cyclonic  tendiMicy,  controlled  by  areas 
of  high  barometer,  are  notably  common.  Reversals  of  wind,  as 
from  N.E.  to  S.W.,  are,  therefore,  frequent  after  tlie  passage  of 
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ti-cyclonic  ridge  or  center,  as  well  as  after  the  passage  of  a 
ne. 

I  Our  recent  storms  have  been  anti-cyclonic,  and  there  seems 
reason  for  supposing  that  anti-cyclones  are  the  usual 
ither-breeders,"  even  of  such  of  our  land  storms  as  become 
or  less  cyclonic  after  they  are  fully  developed. 
I  The  precipitation  of  vapor  of  course  gives  rise  to  local  cy- 
8,  which,  however,  may  be  easily  and  speedily  overborne  by 
rand  anti-cyclonic  whirls  of  a  half  million   miles  or  more  in 

)  These  and  other  peculiarities,  point  to  a  probable  origin  of 
18  in  the  blending  of  polar  and  equatorial  currents,  near  the 
des  at  which  the  general  tendency  of  the  winds  changes  its 
tion. 

)  Mr.  Scott  has  observed  that  when  polar  (E.)  currents  are 
ing  at  the  North,  and  equatorial  (W.)  currents  at  the  South, 
ous  barometrical  disturbance,  frequently  resulting  in  a  gale, 
•ally  soon  follows;  but  when  the  polar  current  is  at  the 
I  and  the  Equatorial  at  the  North  there  appears  to  be  no  law 
luence.  The  latter  condition,  with  us,  seems  often  indicative 
proaching  fair  weather,  especially  if  northerly  or  easterly  are 
ated  from  southerly  or  westerly  winds  by  a  ridge  of  high 
ueter. 

.)  If  the  progress  of  a  northerly  or  easterly  current  toward 
quator  is  impeded  by  an  intervening  southerly  or  westerly 
at,  the  disturoance  not  only  speedily  follows,  as  indicated  by 
cott,  but  it  is  also,  commonly,  like  most  showers,  S.E.  storms, 
•ther  marked  cyclonic  commotions,  of  briefer  duration  than 
which  are  primarily  anti-cyclonic.  ^ 

European  and  American  Rain-faUs ;  by  Pliny  Eakle 
K.  (Read  before  the  American  Philosophical  Society,  March 
n.) — There  is  still  a  lingering  skepticism  on  the  part  of  some 
)rologists,  regarding  the  moon's  influence  on  the  weather,  a  ■  • 
icism  which  is  perhaps  owing  to  the  apparent  want  ot  agree- 
between  observations  at  different  places.  There  is,  however, 
x>d  reason  for  expecting  such  accurate  correspondence  as  is  , 
iimes  deemed  essential.  Dr.  Emerson  (Proc.  A.  P.  S.,  xi, 
has  communicated  to  the  Society  his  early  observation  upon 
jversal  of  the  European  Barometric  prognostics  on  this  side 
le  Atlantic.  Mr.  Blodget  (Climatology,  pp.  221-237)  has 
ed  out  various  climatologic  contrasts,  and  Mr.  Scott,  the  Di- 
r  of  the  British  Meteorological  OflSce,  has  noticed  an  opposi- 
►etween  the  solar  (or  temperature)  rain-falls  in  Western  Europe 
Eastern  America,  analogous  to  that  which  I  have  indicated 
»  lunar  rain-falls.  The  confirmation  thus  afforded  to  the  re- 
ef my  previous  investigations,  strengthens  the  presumption 
in  our  ^Vtlantic  States,  signs  of  fair  weatl^er  may  be  most 
lently  trusted  during  the  ten  days  preceding,  signs  of  rain 
g  the  eight  days  following,  full  moon. 

3rder  to  make  a  comparison  between  stations  of  similar  lati- 
I  obtained  from  the  "  Observatorio  do  Infante  D.  Luiz,"  a 
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rL'conl  of  the  ciuaiterly  rains  at  Lisbon  for  sixteen  years,  which  1 
have  eiiiboduMl,  tot^ether  with  the  observations  at  Pennsylvania 
Hospital  for  the  same  i)crioti,  in  the  following  tables.  The  ineas- 
ureinentH  are  given  in  inillinieters. 

\.—  Quartt!rly  Rain-juU  at  LiaUm.       |  II. —  Quarterly  Rain-fcUl  at  PhUaddphia. 
Y'  &n».  Wlnt'T.  SprliiK.  SumiuiT.  AiituniD. Total 'VcHrK.  Winter.  Spring.  Summer.  Aotumn.TMaL 

930-9!  1855  193-0 
912  9.1856  284-5 
812-3:1857  184-4 
912-11858  264-9 
708-3  1859  37G-7 
560-2  1860  240-3 
9>l-8  18G1  269  8 
830-8  1862  292-6 
544-7  1863  2807 
8340  1864  174-8 
487-2  1042-4  1866  3701 
67 6-9  1866  3904 
599-1  1867  2301 
557-2  1868  2253 
550-9  1869  318-5 
599-5  1870  297-7 
763-4  Mo.in  274-6 

It  M|)|>ears,  theref(»re,  that  the  heaviest  rain-falls  at  Lisbon  aiui 
the  liirhtest  at  Phihuleljihia,  are  usually  in  the  Autumn  and  AViu- 
t»»r  KJ'inester ;  ihe  heaviest  at  Philadelphia  and  the  lightest  at  Lis- 
l>.ui,  in  the  Sjirint;  an<l  Summer.  In  ten  years  out  of  the  sixteen, 
when  tin*  rain-f:ill  of  the  entire  year  was  above  the  average  at  one 
station,  it  was  helow  tlie  average  at  the  other. 

ij.  />/.svv;/'«r//  <\f  thi  Animal  of  the  Sjtonfji*iihr  confirmaf ;  By 
n.  J.  Caiitkic,  K.H.S.  etc.  (Ann.  yiii<x.  N.  11.  IV,  vii,  445).  Just 
a  line  to  t<*ll  you  what  vou  will  be  srliid  to  leam,  viz,  that  I  have 
ronliniicd  all  that  Prof.  Jainos-Clark,  of  Boston,  has  stated  about 
th(^  sponixe-eeil,  and  much  more  too. 

It  is,  after  all,  only  what  was  jmblished  and  illustrated  in  the 
'Annals'  in  1857.  fndeed  I  am  astonished  now  at  the  accuracy 
and  detail  of  that  i)a]>er  ("  Tltimate  Structure  of  Spongilla,"  A'c.)', 
now  (fll  confirmed  by  an   examination  of  a  marine   calcareou^J 

s|»on«re. 

I  have  not  only  fed  the  8j)onge  with  indigo,  and  examined  all  at 
the  moment,  hut  the  sponge  so  fetl  was  put  into  spirit  directly 
afterward,  and  now  shows  all  the  cells  (nionociliated)  with  the 
rilhiin  att(ich('«l  tnal  t/iK  inilif/o  still  i/t  the  veils. 

Tfiis,  I  think,  will  break  down  Ilackel's  hypothesis,  which  is  as 
iiii:iLriii.itive  and  incorrect  as  it  is  beautiful. 

His  '*  Mairo^pluera,''  too,  is  iigiin-d  in  tlu'  'Annals'  (1>5»'»),  :ui'l 
.l.MTi:>»'.l  ///  /./'////.s'./  as  the  ani(cl»<>id  rell  which  inhabits  tlu-  inucu^ 
mmIh'  rclls  (»r  iiitcrnodi^  of  the  r>onil>ay  great  XifiHa. 

IJiit  tlxTc  are  no  people  in  England,  if  on  the  Continent,  wlio 
..  rrii  t«»  hr  al»lc  to  show  this,  if  even  they  he  cognizant  of  it. 

/-;-•  ,./•/.  ,i^  I'f.''  usr.l  to  he  tlic  old  j^hra^e:  the  light  is  now  iK-iriir 
r.fhrf,  J  hack  fn.in  America.  It  is  from  there  that  we  must 
,\j)rct  novelties  now. 
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»0  attachment /br  the  Lantern. — It  is  often  desirable  to 
•n  a  screen  the  iraagea  of  objects  which  must  be  preserved 
antal  position ;  such  for  example  as  liquids,  or  solids  im- 

liquia!).  Various  devices  have  been  tried  tor  securing 
ill  of  them  more  or  less  imperfect.     Recently,  however, 

Morton,  of  the  Stevens  Technological  Institute  at  Hobo- 
devised  a  form  of  apparatus  for  this  purpose  which  is 
pie  and  ingenious,  and  which  aDswers  its  purpose  ad- 

This  "  vertical  lantern"  as  he  calls  it,  is  shown  in  the  ac- 
ng  figure.  It  is  to  be  placed  in  front  of  the  ordinary 
>x,  the  condenser  being  composed  of  three  lenses ;  the 
■>{  these  being  of  such  a  curve  as  to  give,  with  the  light 
>  inches  from  the  nearer  one,  a  practically  parallel  beam. 
]  enters  the  apparatus  at 
:!ived  upon  a  mirror  in- 
^,  which  reflects  it  verti- 
ugh  the  third  lens  placed 
lly  at  C.  This  lens  con- 
the  beam  upon  the  oliject 
\,  afler  passing  which,  it 
\  upon  the  screen  by  the 
lirror  FG.     Though  the 

all  of  them  uncorrected, 
mirrors  silvered  on  the 
e  ordinary  way  with  pure 

there  is  no  want  of  deti- 
he  images  produced,  and 
is  too  slight  to  be  appre- 

an  audience.  We  wit- 
e  performance  of  the  in- 

a  short  time  ago  with 
sfaction.  A  glass  plate, 
ivei-ed  with  iron-filings, 
ced  above  the  lens  C,  a 
;net  was  laid  beneath  it,  A 
jlate  gently  tapped  with 
The   filings   gradually 

themselves  in  the  well- 

irves,  producing  finally 

tic    Bpectrum    of   gi'eat  I 

A  shallow  tank  of  water  I 

?n    placed    in    the   same  * 

the  images  of  waves,  ingeniously  produced  by  puffs  of 

thrown  upon  the  screen,  and  the  various  phenomena  of 

CO  and  itflexion    beautifully    illustrated.     Tomlinson's 

igures,  produced  by  allowing  drops  of  various  es>iential 

upon  water,  were  also  superbly  demonstrated.     By  using 

plates  covei-ed  with  sand,  ChladniV  sound  figures  may 
ly  be  developed  upon  the  scjeeu  in  a  striking  manner, 
jaratus  was  manufactured  by  Messrs.  Hawkins  &  Wale 
en.     It  is  exceedingly  creditable  to  them  in  the  excel- 
ts  construction  and  finish.  o.  f.  b. 
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8.  Report  on  Barracks  and  Hospitals^  with  descriptions  of  JHU- 
tan/  Posts.  4to,  pp.  494. — Under  the  modest  heading  of  "  Circnltr 
No.  4,"  the  Surgeon  Generars  office  of  the  U.  S.  War  Department 
at  Washington  has  issued  a  valuable  document  with  the  abore 
title,  containing  a  great  amount  of  valuable  information  respecting 
distant  outposts  bat  little  known,  geographical,  topographical, 
meteorological,  sanitary,  &c. 

In  an  appendix  are  '^  Reports  on  Examination  of  Air  in  Barrack 
rooms,"  giving  the  results  of  chemical  analysis  of  the  air  at  night 

Tabular  Statement  of  four  Analyses  of  Air  in  MilUary  BarrackB^  made  "by  CapL  Lftrent 
LauvaiUj  assisted  by  Lieut.  John  Pitmanj  and  reported  by  Surgeon  V,  B,  Hubbard. 
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in  barracks  occupied  by  sleeping  soldiers.  Assistant  Surgeon  V. 
B.  HuBBABD  reports  four  analyses  of  air  from  the  apartments  of 
the  V.  S.  Military  Academy  at  West  Point,  X.  Y.,  made  by  the 
Captain  and  his  assistant,  which  we  have  arranged  in  a  tabular 
form  for  convenience  of  comparison.  n.  s. 

9.  Captain  HaWs  Arctic  Expedition, — Tlie  Polaris,  the  vessel 
for  the  Arctic  Expedition  under  Captain  Hall,  is  now  in  New 
York  (June  15),  at  the  Navy  Yard  in  Brooklyn,  where  she  will 
remain  ten  davs,  or  until  ready  to  start  northward.  She  will  take 
in  supplies  to  last  to  Disco  in  Greenland,  where  she  w^ill  await  the 
arrival  of  tlie  storeship  Supply,  with  additional  provisions.  Cap- 
tain Hall  contemplates  an  absence  of  two  years  and  a  half,  and  if 
results  warrant,  the  voyage  may  be  still  farther  prolonged.  From 
Disco  the  expedition  will  proceed  to  Uppernavik  or  Tissonack, 
the  most  northern  settlement  of  Greenland,  where  gangs  of  dogs 
will  be  obtained.  The  Polaris  may  have  to  winter  in  Jones' 
Sound,  tlie  latitude  70**N.,  but  if  possible  will  be  pushed  on  to 
80°X.  Kjirly  in  April,  1S72,  the  joiirnoy  over  the  it*e  toward  the 
Pole  will  be  beiriin.  JIall  asserts  that  if  Ellosmere  T.and,  which 
roachos  from  Jones'  Sound  nortlnvard,  rx tends  upward  to  the 
Pole,  he  is  confident  of  reacliin<j:  the  ij^reat  obieet  of  his  destination 
in  at  least  K^O  days  from  the  time  he  leaves  llie  ship  with  his 
boats  and  sledding  party.  Should  the  lainl  and  ice  terniimate  in 
an  open  Polar  sea,  his  boats  will  be  used  on  that  as  yet  mythical 
sheet  of  water  to  complete  his  discoveries,  precisely  in  the  same 
manner  as  they  will  be  employed  in  transporting  the  party  from 
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le  fl&e  to  the  other  whilst  among  the  field  ice.  The  chief  of  the 
ientlfic  corps  attached  to  the  expedition  is  Dr.  Emil  Bissels,  who 
M  a  member  of  the  recent  Prussian  expedition  to  the  North 
ole.  He  is  a  young  man  with  a  high  reputation  as  a  scientific 
udent,  and  is  a  graduate  of  the  famous  University  of  Heidel- 

Besides  Capt.  Hall  and  Dr.  Bissels,  quite  prominent  characters 
•e  the  sailing-master,  Capt.  O.  S.  Buddington,  who  has  had  thirty- 
70  years^  experience  as  an  Arctic  navigator,  Mr.  Hubbard  C. 
better,  of  Noank,  Conn.,  the  first  officer,  and  Mr.  William  Mor- 
•n,  who  is  said  to  have  discovered  the  open  Polar  Sea  while  on 
le  first  Grinnell  Expedition,  who  goes  out  as  the  second  officer. 
srgt-  Meyer,  of  the  United  States  Signal  Corps,  has  charge  of  the 
eteorological  department.  R.  W.  D.  Bryan  is  astronomer. 
Two  of  the  most  interesting  individuals  who  accompany  the 
Lpedition,  are  the  Esquimaux  man  and  woman,  who  have  been 
ith  Capt.  Hall  since  his  first  essay  in  Arctic  explorations. — JVew 
Ttrk  Times^  June  15. 

10.  7%€  schcailed  "  Cardiff  Giants — It  will  be  remembered  that, 
\'o  or  three  yeare  since,  a  considerable  excitement  was  created  by 
e  alleged  accidental  discovery  upon  the  farm  of  a  Mr.  Newell, 
wir  the  city  of  Syracuse  in  the  State  of  New  York,  of  a  human 
jure  of  gigantic  proportions,  which  was  exposed  during  an  excava- 
jn  undertaken  by  the  owner  with  the  avowed  purpose  of  digging 
well  for  the  supply  of  water  to  his  cattle.  The  obvious  folly  of 
:cavating  for  a  well  in  the  bed  of  a  stream  of  water  was  commented 
I  at  the  time  and  was  not  easily  explained  away.  The  popular 
)petite  for  marvels  was,  however,  adroitly  quickened  by  the  story 
St  of  a  "fossil  man,"  of  pre-historic  age;  for  who  did  not  believe 
at  "there  were  giants  in  those  times?  The  absurdity  of  such  a 
eory  soon  compelled  the  milder  statement  that  while  the  recum- 
int  giant  was  of  acknowledged  human  origin,  it  was  unquestion- 
►ly  of  an  unknown  but  very  high  antiquity,  and  hence  must  pos- 
S8  great  archsdological  interest.  With  this  hypothesis  the  so  - 
lied  "Cardiff  Giant"  commenced  his  tour  of  exhibition,  after 
ousands  of  curious  spectators  had  visited  him  in  his  resting  place 
be  lay  exposed  in  the  excavation  upon  the  Newell  farm :  and  for 
time  multitudes  thronged  the  places  in  various  cities  where  this 
pposed  relic  of  an  earlier  age  was  to  be  seen.  We  have  latel} 
id  the  matter  brought  home  to  our  own  doors  through  a  visit  of 
is  venerable  personage  to  New  Haven,  and  although  we  had  sup- 
»sed  the  fraud  had  long  since  ceased  to  be  capable  of  exciting 
ore  than  a  feeling  of  contempt,  mingled  with  curiosity  to  see  by 
hat  means  the  delusion  was  produced,  we  have  been  surprised  at 
le  facility  with  which  people,  otherwise  sensible,  give  credit  to  the 
eatest  absurdities,  even  after  the  "humbug"  had  been  fully  ex- 
)9ed.  We  think  therefore  it  is  worth  while  to  record  very  briefly 
e  real  history  of  this  sham,  that  it  may  find  its  place  in  the 
ready  large  catalogue  of  popular  delusions.  We  suppress  names, 
It  give  the  main  facts  as  we  have  ascertained  them  from  an  in- 
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telligent  witness  who  was  cognizant  of  the  origin  and  progress  of 
the  statue. 

The  block  of  gypsum,  from  which  the  Cardiflf  Giant  was  carved, 
was  quarried  near  Fort  Dodge,  in  Iowa,  where  there  is  an  inex- 
haustible supply  of  massive  gypsum  of  Mesozoic  age.*  It  was 
trans{)orted  to  Chicago,  in  Illinois,  where  it  was  placed  in  the  work- 
shop of  Mr.  Burckhardt,  a  well-known  marble-worker  of  that  city, 
who  contracted  with  the  originators  of  the  scheme  for  a  not  very 
considerable  sum  of  money,  to  produce  a  gigantic  recumbent  figure 
of  a  man.  Ilis  position,  resting  with  the  left  aim  under  the  body, 
the  right  arm  thrown  across  the  body  over  the  pelvis,  and  with  the 
legs  sliglitly  flexed  at  the  knees,  was  measurably  a  necessity  of  the 
form  of  the  block  of  stone  at  the  artist's  command.  This  figure 
was  first  modeled  in  clay  by  or  under  the  direction  of  Mr.  Burck- 
hardt, and  was  then  transferred  to  the  stone.  Our  informant  states 
that  he  saw  the  figure  more  than  once  during  its  preparation.  The 
appearance  of  age  was  given  partly  by  treating  the  surface  with 
acids  to  remove  the  tool  marks  and  the  raw  look  of  a  recently 
tooled  surface,  and  this  effect  was  subsequently  heightened  by  the 
grime  and  soil  of  a  seven  months'  interment.  Thus  prepareo,  the 
newly-made  antique  was  transported  by  rail  to  a  point  ne.ar  the 
Newell  farm,  and  thence  by  teams  to  the  farm  itself,  where,  by 
the  aid  of  a  body  of  work  people,  brought  from  a  distance,  it  wiS 
placed  in  its  resting  place,  near  the  bed  of  a  small  stream.  Those 
engaged  in  the  work  of  removal  and  interment  were  taken  away 
furtively,  and  thus  no  one  at  or  near  Syracuse  but  those  engaged 
in  the  speculation  knew  of  its  existence.  By  a  singular  accideat, 
an  eye-witness  to  its  making  in  the  Chicago  work-shop  liapjtened 
to  be  in  Syracuse  at  the  time  its  discovery  was  announced,  and, 
visitint^  the  Newell  farm  with  the  crowd  of  curious  spectators, 
was  surprised  to  see  there  his  old  acquaintance  half  ouried  in 
the  earth.  We  have  taken  pains  to  verify  this  statement,  and  are 
promised  at  an  early  day  a  detailed  statement  from  the  work  shop 
of  Mr.  Burckhardt  of  its  entire  history,  which  we  may  take  anoth- 
er occasion  to  publish.  b.  s. 

11.  Party  of  Exploration  under  Dr,  Hay  den, — Dr.  Havden  and 

?arty  (as  a  letter  from  him  informs  us)  were  at  Ogdeii,  \Ttah,  on 
uue  8th.  The  party  comprises  thirty-two  men  (including  an  astron- 
omer, topograpnicaf  engineer,  etc.),  five  wagons,  two  ambulances, 
forty-eight  mules  and  horses.  He  proposes  to  connect  with  the 
belt  under  exploration  by  Clarence  King,  and  then  spend  the 
remainder  of  the  season  about  the  sources  of  the  Yellow  Stone 
and  .Missouri  rivers.  He  has  a  boat  and  sounding  apparatus  for 
makin<^  a  complete  survey  of  the  Yellow  Stone,  etc.  A  company 
of  cavalry  is  ordered  as  an  escort  from  Fort  Ellis.  He  expects  to 
return  to  WasliinLrton  about  the  1st  of  November.  Conjxress  ma«le 
an  a})propriati()n  of  §40,000  for  the  explorations  of  the  season. 

*  See  Dr.  White's  report  ou  the  (>colt>g:y  of  Iowa,  vol.  ii,  p.  290. 
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2.  Survey  of  the  Oreat  Lakes, — We  take  the  following  notes 
this  survey  from  Harper's  Weekly  of  June  10th,  a  periodical 
Ich  has  in  each  number  one  or  two  columns  of  recent  scientific 
diligence  furnished  by  a  correspondent  who  is  a  man  of  thorough 
mce,  and  in  the  way  of  knowing  what  is  doing  in  science. 
Among  the  United  States  government  explorations  to  be  pi*ose- 
ed  during  the  present  year,  we  should  not  omit  to  mention  that 
he  Lake  Survey  under  the  Engineer  Bureau.  This  work  has 
D  in  progress  for  a  number  of  years,  and  in  the  reliability  of  the 
ervation  and  the  beauty  of  the  maps  published  occupies  the 
y  first  rank.  The  work  is  at  present  under  the  charge  of  General 
D.  CoQistock,  and  will  be  carried  on  in  several  localities  simul- 
eously.  The  survey  of  Lake  St.  Clair,  which  was  nearly  finished 
.  year,  will  be  completed  the  present  season ;  and  the  party,  on 
shing  it,  will  then  proceed  to  the  St.  Lawrence  River,  in  the 
^hborhood  of  Ogdensburg,  and  there  carry  on  their  laboiu  Both 
res  of  Lake  Michigan  will  be  surveyed  during  the  season,  com- 
acing  at  Sheboygan  on  the  eastern  shore,  and  at  a  point  north 
J  rand  Haven  on  the  western.  It  is  expected  that  the  whole  will 
completed  as  far  south  as  Kenosha  before  operations  are  inter- 
ted  for  the  winter.  Triangulations  will  be  conducted  along 
Lc  Michigan  between  Green  Bay  and  Milwaukee.  In  addition 
the  hydrographical  and  surveying  work  prosecuted  by  these 
ties,  great  attention  is  paid  to  securing  reliable  data  in  regard 
he  meteorology  of  the  country,  with  the  special  view  of  deter- 
lins:  the  average  conditions  of  rain-fall  and  other  phenomena. 
The  data  already  collected  have  been  of  great  value,  and  have 
16  much  toward  supplying  accurate  information." 
8.  Geological  Survey  of  Canada:  Alfbed  R.  C.  Selwyn, 
^^cUyr. — Report  of  l^ogress  from  1866  to  1869.  476  pages  8vo. 
x)mpanied  by  Geological  and  Topographical  Maps.  (Dawson 
«.,  Montreal ;  B.  Westermann  &  Co.,  N.  York). — This  volume 
tains  a  report  of  Sir  Wm.  E.  Logan  on  a  part  of  the  Pictou 
1-field,  60  pages ;  of  E.  Hartley  on  a  part  of  the  same  coal-field, 
pp. ;  of  R.  Bell,  on  the  Manitoulin  Islands,  9  pp. ;  of  J.  Richard- 
,  on  the  S(»uth  Shore  below  Quebec,  23  pp. ;  of  H.  G.  Vennor, 
Hastings  Co.,  28  pp. ;  of  C.  Robb,  on  a  part  of  N.  Brunswick, 
pp. ;  of  T.  Sterry  Hunt,  on  the  Goderich  Salt  Region  and  Notes 
Iron  and  Iron  Ores,  94  pp. ;  of  J.  Richardson  lor  1869,  6  pp. ; 
R.  Bell,  on  Lakes  Superior  and  Nipigon,  52  pp. ;  of  E.  Hartley, 
Pictou  coals  and  Iron  ores,  and  on  Springhill  Coal,  82  pp.; 
h  an  appendix  containing  a  list  of  plants  collected  in  the 
nitoulin  Islands,  by  Dr.  John  Bell  The  excellent  maps  add 
ch  to  the  value  of  this  interesting  volume. 
.4.  Xorth  Carolina  Tertiary. — Mr.  Conrad  states  in  a  recent 
:cr  to  one  of  the  editors,  that  the  fossil  horse  of  the  marl  near 
senville,  N.  C,  mentioned  in  this  Journal,  last  volume,  on  page 
\  is,  according  to  Dr.  Leidy,  the  E,  coiirplicatxis^  a  Miocene 
«ies  that  lived  with  the  E,  fratemus.  The  Mastodon  from 
leigh  (p.  469)  is  the  M.  Atnericanus,  and  was  from  Quaternary 
iveT  overlying  the  Miocene  marl 
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15.  Vole  mo  of  KilatAea^  Hawaian  Islands, — A  recent  letter 
from  Rev.  T.  Coan  states  that  the  crater  is  at  present  in  an  un- 
usually quiet  state.  Even  the  region  of  the  j^reat  South  lake, 
sometimes  boiling  with  lavas  over  an  area  halt  a  mile  broad,  is 
wholly  inactive  excepting  the  escape  of  vapors  from  fissures.  At 
a  (le]jth  of  one  hundred  and  fifty  feet  in  some  of  these  fissures  a 
red  heat  may  be  seen,  but  no  liquid  rock, 

VI.  Miscellaneous  Bibliography. 

1.  Smithsonian  Contributions  to  Knowledge,  Vol.  xviL  4to, 
pp.  590,  with  14  plates. —This  volume  is  devoted  to  an  elaborate 
memoir  entitled,  "  St/stem  of  Coiisanguinity  and  Affinity  of  the 
Hurnan  Ftnnily  ;  by  Lewis  H.  Morgan." — This  memoir  was  re- 
ferred to  a  commission  consisting  of  Prof.  J.  H.  Mcllvaine  and 
Prof.  William  II.  Green  of  Princeton,  and  after  certain  modifica- 
tions suggested  by  them  had  been  made,  in  the  method  of  present- 
ing the  subject,  it  was  submitted  to  a  special  committee  of  the 
American  Oriental  Society,  consisting  of  Messrs.  Hadley,  Tram- 
bull  and  Whitney,  who,  after  a  critical  examination,  reported  that 
the  memoir  contained  a  series  of  highly  interesting  facts  which 
they  believed  the  students  of  philology  and  ethnology,  thonefa 
they  might  not  accept  all  the  conclusions  of  the  author,  womd 
welcome  as  valuable  contributions  to  science. 

2.  Manual  of  Geometrical  and  Infinitesifnal  Analysis  ;  by  Prof 
B.  Sestini.  (Murphy  «fc  Co.,  Baltimore.) — In  the  orief  space  of 
131  pages,  the  author  gives  a  manual  of  the  processes  and  results 
of  Analytical  Geometry  and  Calculus.  WTiile  he  does  not  claim 
to  give  a  treatise,  he  briefly  and  lucidly  develops  all  the  import- 
ant formulas  of  both  branches  of  Analysis,  especially  the  formulas 
readied  in  the  study  of  Physical  science. 

A  Dissertation  on  the  Principles  and  Science  of  Geometry.  By  Lawrence  S.  Ben- 
sou.     Now  York :  C.  H.  ^Phelps,  publisher.   Svo. 

Reclierches  sur  hi  Polarization  Rotatoire  Magn^tique  des  liquides,  par  3L  h* 
Profosaeiir  A.  De  La  Rive.     Svo,  pp.  46. 

The  Mineral  and  other  Resources  of  the  Arj^ntine  Republic.  Published  by 
special  authority  of  the  National  Government,  by  Major  J.  Rickard,  F.G.S.  1870. 
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Letter  to  the  Editors  from  Dr.  B.  A.  Gould,  Director  of  the 
Cordoba  Observatory^  dated  Cordoba^  April  26,  1871. 

Whbiv  I  wrote  you,  at  the  beginning  of  November,  I  felt  small  doubt  that 
our  Observatory  would  be  in  working  order  so  far  as  mason  work  and  car- 
pentry were  concerned,  before  the  commencement  of  the  New  Year.  The 
brickwork  was  completed  at  the  close  of  November  as  I  had  anticipated  ;  but 
even  now  as  I  write,  the  portion  of  the  building  which  was  first  provided  is 
DOC  finished,  although  a  very  few  days  will  enable  me  in  all  probability  to 
begin  the  mounting  of  the  instruments.  So  far  as  delays  and  interruptions  of 
every  sort  are  concerned,  the  enterprise  has  met  with  a  very  exceptional 
amouDt  of  obstacles,  and  only  tliree  days  ago  my  instruments  arrived  from 
Germany  after  ten  months  of  delay  from  war,  ice,  storms  and  quarantine. 

The  meridian  circle  and  photometer  are  now  securely  housed,  and,  so  far 
as  I  can  yet  judge,  have  suffered  no  essential  injury.  Our  little  library  too 
bis  arrived,  and  I  need  not  say  with  what  earnestness  we  are  looking  forward 
to  a  sight  of  the  catalogues  and  books  of  reference,  now  hidden  within  the 
iroD-boand  boxedi  Should  no  unexpected  obstacles  arise,  we  shall  be  able 
to  put  up  some  bookcases,  and  unpack  the  boxes  within  the  coming  week. 

it  18  now  seven  months  since  our  astronomical  party  arrived  in  Cordoba, 
and  during  this  long  period  we  have  been  without  instruments,  and  nearly 
destitute  of  books,  notwitlistandinff  tlie  many  precautions  taken  to  avoid 
nich  a  contingency-  Fortunately  f  had  brought  with  my  personal  effects  the 
catalogues  of  Xiacaille,  Brisbane,  Taylor  and  Ellery ;  and  the  catalogues  pub- 
lished by  the  British  Association  were  sent  me  from  England.  Thanks  to 
these,  I  am  indulging  the  hope  that  these  seven  months  will  not  prove  to  have 
been  spent  in  vain. 

As  intimated  in  my  former  letter,  I  resolved,  as  soon  as  the  delays  became 
manifest,  to  turn  our  attention  to  the  formation  of  a  Uranometry  of  the  South- 
ern sky : — in  other  words,  to  the  preparation  of  a  catalogue  of  all  stars  be- 
tween the  South  Pole,  and  10°  of  N.  Declination,  which  are  here  visible  to 
the  naked  eye,  assigning  to  each  star  its  estimated  magnitude.  I'his  work 
has  been  now  actively  going  on  for  six  months,  and  with  a  degree  of  success 
vhich  I  had  scarcely  ventured  to  anticipate.  The  sky  of  Cordoba,  although 
Teiy  far  indeed  from  rejoicing  in  that  eternal  sprint  and  unclouded  blue 
which  I  had  been  led  to  expect,  possesses  when  clear  a  wonderful  trans- 
parency, and  exhibits  to  the  sharp  eyes  of  my  assistants  an  almost  incredible 
namber  of  faint  stars,  probably  at  least  twice  as  many  as  can  be  seen  in  the 
most  favorable  nights  at  home.  The  lowest  limit  of  visibility  to  the  unaided 
ere,  I  have  not  yet  undertaken  to  determine ;  but  we  see  fully  one-third  of  all 
the  stars  recorded  by  Lacaille  as  of  the  7th  magnitude,  and  we  have  a  dozen 
or  more  of  cases  where  Lalande  has  noted  tlie  star  as  8th. 

Oar  scale  of  magnitudes  is  based  upon  that  of  Argelander  in  liis  Urano- 
mdria  ^Voea.  And  to  secure  as  complete  an  accordance  as  possible  our  com- 
pirisons  are  made  with  stars  observed  by  him  within  the  zone  comprised  be- 
tween 5^  and  15°  of  N.  Declination,  since  this  zone  has.tlie  same  meridian 
altitude  at  Cordoba  and  at  Bonn,  and  the  light  of  the  included  stars  is  tlius 
•imilariy  affected  by  atmospheric  absorption. 

The  establishnient  of  standards  of  magnitude  within  this  belt  has  been  by 
DO  means  the  least  laborious  and  troublesome  portion  of  the  undertaking; 
nnce  no  star  is  accepted  as  a  standard  to  which  the  same  magnitude  has  not 
been  assbfned  by  the  independent  estimates  of  four  observers.  The  larcre 
amnber  of  stars  within  this  type-belt,  which  could  not  be  seen  by  Argelander 
in  Bonn,  affords  an  excellent  measure  of  the  tiansparency  of  tiie  sky  of 
Cordoba. 
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For  constellations  farther  South  the  comparison  is  of  course  not  so  ikir,oo 
account  of  their  superior  altitude  here,  still  you  may  form  some  idea  of  the 
work  in  hand  when  I  tell  you  that  in  Orion  we  have  twice  the  number  of  itm 
given  by  Argelander,  and  that  in  Ganis  Maior^  the  whole  of  which  is  visible 
at  Bonn,  though  to  b^  sure  its  Southern  boundary  has  only  an  altitude  of  i 
little  more  than  G^%  we  have  200  stars,  while  Argelander  saw  but  39. 

A  good  deal  more  than  half  the  work  is  now  done;  perhaps  two-thirds  of 
the  hemisphere  have  been  pretty  well  scrutinized,  and  the  work  of  redociii; 
the  stars  places  to  the  mean  rquinox  adopted  is  very  well  advanced.  Tin 
total  number  of  stars  recorded  thus  far  is  about  4100,  exclusive  of  those  ob- 
served in  the  type-belt 

The  delays  of  our  instruments  and  of  the  Observatory  building,  tfaouffh  in 
themselves  vexatious,  have  thus  been  compensated  bv  the  opportunity  of  pre- 
paring the  Uranometry  which  ought  to  be  essentially  completed  by  the  fint 
of  October,  unless  this  should  in  its  turn  be  too  much  delayed  by  the  new  work 
soon  to  be  undertaken,  in  conformity  with  my  original  plan.  An  essentiil 
feature  of  my  present  scheme  for  the  Uranometry  consists  in  careful  measiue* 
ments  of  the  magnitudes  of  stars  above  the  4th  magnitude,  and  for  these,  of 
course,  the  greater  part  of  a  year  must  elapse  after  the  photometer  shall  faife 
been  put  in  order  by  repairing  the  small  damages  which  it  has  sufiered  on  the 
voyage. 

Our  observations  have  greatly  impressed  me  with  tlie  thoroughness  ind 
excellence  with  which  Lacaille  accomplished  his  work  at  the  Cape  of  Good 
Hope  with  the  poor  means  at  his  disposal  nearly  a  century  and  a  quarter  ago. 
This  devoted  astronomer,  having  only  a  telescope  half  an  inch  in  aperture  ud 
magnifying  8  times,  observed,  within  a  period  of  11  months  from  the  com- 
mencement of  the  series,  something  more  than  100  zones,  covering  the  region 
South  of  the  Tropic  of  Capricorn.  Like  those  of  sundry  other  astronomen, 
most  of  his  observations  remained  unreduced  for  the  greater  partof  acentair; 
but  the  catalogue  computed  from  these  observations  at  the  expense  of  toe 
British  Association  for  the  advancement  of  Science,  and  published  by  that 
body  in  1847,  contains  the  places  of  nearly  10,000  stars,  which  experience 
shows  to  have  been  determined  with  a  degree  of  precision  decidedly  greater 
than  he  himself  had  supposed.  And  although  his  zones  overlapped  but  little 
at  their  marmns,  so  that  only  a  small  proportion  of  the  sky  was  observed  more 
than  once,  the  scrutiny  must  have  been  extremely  thorough  for  such  stars  ai 
his  little  telescope  would  make  manifest  The  number  of  stars  south  of  the 
Tropic,  which  we  have  detected,  and  which  are  not  in  his  catalogue,  is  re- 
latively quite  insignificant,  so  that  the  task  of  identification  has  been  by  ftr 
less  difficult  than  I  was  prepared  to  expect 

The  recent  publication,  by  Admiral  Sands  of  the  Washington  Observ- 
atory, of  Gilliss's  Southern  Catalo^e  of  about  2000  stars  affords  a  valuable 
supplement  to  Lacaille,  since  it  gives  observations  of  many  stars  for  which 
there  seemed  reason  to  suspect  errors  in  Lacaille's  determination.  And  if, 
as  recent  letters  from  home  give  reason  to  hope,  this  is  to  be  followed  by 
6i Hisses  splendid  series  of  zone  observations,  comprising  some  2S),000  stars 
within  24^  of  the  South  Pole,  observed  in  Chile  twenty  years  ago,  the  South- 
ern observer  will  receive  a  truly  effective  assistance  in  his  labors.  Indeed, 
afler  so  long  a  period  of  apparent  inaction,  a  new  day  seems  dawning  for 
stellar  {Lstronomy  in  the  Southern  Hemisphere.  The  careful  and  abundant 
observations  of  Maclear  at  the  Cape  of  Good  Hope,  which  have  been  accumu- 
lating tor  a  quarter-century  are  now  to  be  reduced  and  catalogued  by  his 
enerjreiic  successor  Mr.  Stone;  and  from  the  shores  of  Australia  we  are  al- 
ready receiving,  thanks  to  the  industry  and  ability  of  Mr.  Ellery,  an  annual 
instalment  of  meridian  observations,  which  may  fairly  challenge  comparison 
with  the  most  exact  which  are  furnished  by  the  first  observatories  of  the 
Northern  Hemisphere. 
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The  difficult  question  of  the  Southern  Constellations  is  of  course  now  forc- 
ing itself  in  an  especial  manner  upon  my  attention,  in  connection  with  the 
Uruiofnetry.  What  constellations  to  retain,  and  what  to  disregard  among 
the  vaiious  suggestions  of  various  astronomers,  has  been  a  less  difficult  ques- 
tion than  the  assignment  of  boundaries  or  the  adoption  of  a  definite  and  con- 
sistent notation  from  out  the  chaos  which  rules  in  sundry  portions  of  the 
Soothem  sky.  These  matters,  comparatively  insignificant  in  many  relations, 
acquire  a  supreme  importance  when  questions  of  nomenclature  become  prom- 
inoit,  as  in  the  work  now  in  hand.  Bayer,  whose  authority  is  accepted  as 
kv  for  the  notation  of  Northern  stars,  named  many  of  the  Southern  stars 
simply  from  descriptions  given  him  by  Southern  navigators.  Lacaille  was 
either  unaware  of  Bayer's  notation  or  gave  no  heed  to  it,  and  later  astronomers 
hate  increased  rather  than  diminished  the  confusion.  The  difficulties  were 
ably  pointed  out  by  the  younger  Herschol,  but  such  few  remedies  as  he  sug- 
gMed  have  tended  rather  to  aggrravate  the  evil,  as  for  instance,  in  the  case 
mArgo  yavis,  where  the  practical  and  effisctive  suggestion,  adopted  by  Baily, 
in  the  three  catalogues  of  the  British  Association,  of  dividing  this  huge  and 
onwieldy  constellation  into  four  smaller  ones  corresponding  to  the  parts  of  the 
Ship,  as  indicated  by  Lacaille,  is  more  than  counterbalanced  by  the  other  re- 
eoniniendation,  likewise  adopted  by  Baily,  that  so  far  as  the  Greek  alphabet 
is  Dsed,  the  original  constellation  be  retained,  while  each  of  the  four  sub-con- 
fCellations  has  its  own  special  nomenclature  in  the  two  series  of  letters  of  the 
Latin  alphabet  Nor  are  the  three  catalogues  edited  by  Baily  for  the  British 
Asoociation  altogether  accordant  as  regards  either  the  constellation-bounda- 
liesy  or  the  notation  of  the  stars,  notwithstanding  his  effi>rt8  to  furnish  some 
relief  for  the  existing  confusion.  The  same  Greek  letter  occurs  twice  in  the 
lune  constellation  in  more  than  one  instance  in  these  catalogues,  while  other 
tetters  are  entirely  wanting. 

Let  me  ffive  you  an  illustration  of  the  confusion  encountered  in  a  study  of 
prominent  Southern  stars.  Take  the  constellation  Tekaoopium^  one  which  has 
•fery  reaaonable  claim  to  be  accepted  and  retained.  Here  B  is  in  fact  n  So- 
fittariif  7, 9,  and  o  are  in  Scarpitu,  and  a  is  in  Corona  Auatralis.  Or  take  Piscia 
Amttrimu§  and  follow  the  catalogues.  Here  Brisbane's  e  is  Baily's  y ;  Bris- 
bane^ 9  is  Taylor's  o  and  Baily^  S ;  Brisbane's  y  is  Baily's  e,  while  Taylor 
gives  it  no  letter.  Brisbane  has  two  jts,  one  being  Bayer's  17,  while  Biaily 
■ssigns  no  letter  to  the  other;  but  Bayer's  «c  is  7  Ghruis  of  Lacaille  (and  Baily). 
Brisbane's  <  is  Baily's  (and  Bayer's)  fi ;  of  Brisbane's  two  fa  one  is  Baily's  r, 
tod  the  other  has  no  letter  in  his  catalogues;  Brisbane's  v  is  Taylors  u, 
while  Baily  ^ves  no  letter  to  it;  Taylor's  >-,  ^  and  V  have  no  letters  given 
to  them  by  either  Brisbane  or  Baily.    Indeed  Baily  puts  ^  in  Aquarius. 

Now  the  application  of  any  general  rule  seems  out  of  the  question.  For 
neh  stars  as  are  visible  in  Central  Europe,  Bayer's  notation  should  assuredly 
be  retained^  vet  for  many  stars  farther  South,  the  star  actually  cannot  be 
identified  with  certain^  to  which  his  letters  were  intended  to  apply.  Where 
Bayer's  notation  fails,  Lacaille's  has  the  next  claim ;  yet  in  many  instances  he 
has  employed  a  letter  already  assigned  by  Bayer  in  a  more  Northern  portion 
of  the  same  constellation.  Not  unfrequently  too  Baily  has  attempted  to  im- 
piQfe  apon  both  Bayer  and  Lacaille,  and  not  with  the  best  success ;  yet  inas- 
meh  as  every  existing  Southern  Observatory,  so  far  as  I  am  aware,  has  been 
oi|UiijEed  by  some  astronomer  whose  native  tongue  was  English,  and  who 
kis  therefore  depended  to  a  greater  or  less  extent  upon  the  three  catalogues 
of  the  British  Association,  Uiis  **  improved"  notation,  like  the  ^'improved" 
Mtation  of  Bessel's  star-constants,  a,  &,  c,  (^  has  found  a  wide  adoption. 

Add  to  this  that,  so  far  as  I  am  aware,  no  attempt  has  been  made  to  give 
praeiee  boundaries  to  the  several  constellations,  and  you  will  see  tliat  the  task 
of  ananffement  is  no  slight  matter,  when  every  visible  star  is  to  be  assigned 
to  tome  definite  constellation.    This  implies  the  establishment  of  boundaries, 
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and  unc  needs  but  to  glance  at  any  celestial  globe  or  atlas  to  convince  him- 
self tliat  this  is  a  process  more  easily  spoken  of  than  accomplished.  If  per- 
formed in  a  manner  acceptable  to  astronomers  it  will  find  prompt  adoption, 
and  evoke  order  from  confusion ;  if,  however,  it  should  fail  of  approval,  it  will 
but  add  one  more  chaotic  influence.  Any  attempt  at  such  a  revision  BDd 
establishment  of  boundaries  should  be  restricted  by  certain  fixed  regulatioof, 
prescribed  in  advance,  and  not  to  be  transgressed  upon  any  pretext ;  if  each 
can  be  Judiciously  laid  down,  and  yet  found  upon  trial  not  to  be  incompatible 
with  an  arrangement  of  boundaries  easy  of  recognition  and  of  description,  I 
see  no  reason  to  doubt  their  glad  reception  by  astronomers,  as  a  simple  means 
for  substituting  for  the  existing  confusion  a  well  ordered  and  unmistakeable 
system. 

Notwithstanding  some  misgiving,  J  am  at  present  occupied  in  the  attempt 
to  arrange  the  Southern  constellations  in  such  a  way  that  the  changes  may  be 
regarded  by  astronomers  as  only  for  the  better. 

DurinjT  the  last  week  we  have  unpacked  the  equatorial,  and  have  mounted 
its  bed-plate  upon  a  pier  of  white  marble,  from  the  Sierra  four  leagues  away. 
The  instruments  appear  to  have  arrived  in  perfect  condition,  and  as  soon  ia 
the  dome  is  made  rain-tight,  and  the  interior  of  the  building  plastered,  I  shall 
proceed  to  the  mounting  of  the  telescope,  for  which  all  neeoful  preparations 
are  already  made.  That  the  shutters  should  be  rain-tight,  is  a  much  more 
essential  condition  than  I  had  been  led  to  suppose,  for  the  summer  rains  here 
are  sudden  and  vehement  The  theory  of  an  eternal  summer  is  thoroughly 
disposed  of;  for  during  the  last  three  months  we  have  not  had  a  dozen  per- 
fectly clear  nights,  the  sky  being  overclouded  with  almost  perpetual  nimbus, 
although  very  little  rain  has  fallen  This,  I  am  informed,  is  the  ordinary 
character  of  the  weather  during  a  considerable  part  of  March  and  April,  the 
autumn  being  ushered  by  a  long  cloudy  season.  I  wrote  you  before  that  I 
had  known  no  rain  here  without  abundant  thunder  and  lightning.  Daring  this 
long  cloudy  season  a  light  misty  rain  has  several  times  occurred  without  elec- 
trical manifestations,  although  as  regards  regular  showers  or  copious  rains. 
1  have  seen  no  reason  to  change  my  earlier  impression.  The  rainless  season 
is  now  said  to  be  close  at  hand.  It  will  assuredly  find  with  us  a  cordial  wel- 
come. 

It  is  to  be  expected  tliat  in  the  course  of  our  work  we  may  encounter  a 
number  of  variable  stars  sufficient  to  make  tlie  number  in  the  Southern  Hemi- 
sphere approximately  equal  to  that  of  those  already  known  north  of  the 
Equator.  As  yet  however  we  have  not  followed  tlirough  any  very  decided 
changes,  although  there  is  a  considerable  number  of  stars  whose  magnitudeR, 
as  observed  by  us,  differ  widely  from  those  recorded  by  other  astronomers, 
and  wliich  also  appear  to  have  varied  during  the  period  of  our  observation. 

The  star  r/  Argus,  has  naturally  ottracted  a  good  deal  of  my  attention.  It 
is  at  present  not  far  from  the  G^  magnitude  and  recognizable  with  great  difficulty 
by  the  naked  eye.  In  the  field  of  my  small  Tolles  telescope  of  5  in.  aperture, 
and  35  in.  focal  length,  it  is  a  conspicuous  object,  and  prominent  by  its  ruddy 
color  among  the  cluster  of  which  it  forms  a  part,  against  tlie  bright  nebula  ai 
a  background.  With  this  telescope,  the  same  one  which  I  employed  for  ob- 
scrvintr  the  total  eclipse  of  18()0,  I  have  been  examining  the  whole  group: 
and  iiiive  found  to  my  astonishment  that  it  exhibits  witli  distinctness  a  con-  { 
sideniblc  number  of  stun?,  which  arc  recorded  in  Sir  J.  Herschel's  catalogue 
of  this  cluster,  as  being  of  the  Mtli  inugnitude. — {To  be  continued,) 

Partii  of  ik'oh'jical  Exploration  umkr  Prn/.o.C.  Marsh.  — Prof.  Marsh,  withn 
party  of  twt'lvc,  irf  about  leaving  lor  tlu'  Hocikv  Mouiiiaiii  region  and  tlie  racifio 
con.st,  t«;  oonliinie  liia  invL'sligations  wiih  roferouce  lo  the  Cretaceous  and  Tertiary 
ver:.obrnloH  of  tlie  region,     lie  will  be  ab.-^etit  about  six  mouths. 
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Abt.  XI. — Historical  Notes  on  the  ISysiems  of  Weather  Telegraphy^ 
and  especially  their  Development  in   the   United  States;  by 

Cleveland  Abbs,  A.M. 

The  recent  establishment  in  our  own  countrjr  of  a  national 
System  of  Weather  Reports  and  the  general  mterest  in  this 
enterprise,  has  induced  me  to  accede  to  the  request  of  the  Ed- 
itor of  this  Journal,  and  to  oflfer  the  following  notes  relating  to 
the  development  of  the  idea  of  storm  warnings. 

It  was  evidently  possible  to  study  with  advantage,  the  pro- 
mas  of  atmospheric  changes  only  when  the  telegraph  lines  had 
Deoome  widely  extended  over  the  earth^s  surface.     It  was 
tbroogli  the  public  press — ^the  daily  newspaper — that  it  first 
beeame  possible  to  watch  the  hourly  progress  of  storms,  under 
one's  own  eye,  and  to  confirm  the  general  laws  independently 
deduced  from  the  closet  studies  of  the  professional  meteorolo- 
gist    The  first  mention  that  I  find  of  the  systematic  daily  use 
of  these  daily  press  reports,  is  given  by  Kamtz,  in  his  "Reper- 
torium/'  wherem  it  appears  that  already  in  1835,  he  began  to 
collate  the  weather  reports  published  in  the  Vossische  Zeitung 
of  Berlin.    In  the  subsequent  history  of  Weather  Telegraphy  in 
Buiope,  I  first  find  a  suggestion  b^  John  Bell,  made  in  1848, 
at  the  Swansea  meeting  of  the  British  Association  for  the  Ad- 
vancement of  Science,  that  in  London  it  was  already  possible 
to  receive  weather  reports  with  only  a  few  hours'  delay,  from 
most  parts  of  Great  Britain  and  Europe,  and  that  this  informa- 
tion ought  to  be  utilized  for  the  study  and  prediction  of  storms. 
The  general  press  reports  seem  to  have  continued  to  be  in 
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Europe  the  only  source  of  information  regarding  the  impend- 
ing weather,  until  Le  Verrier  first  began  to  publish  the  Bulle- 
tin International.  Already  in  1854  he  had  urged  the  impor- 
tance of  systematic  telegraphic  weather  reports,  and  in  1855 
the  Emperor  Napoleon  sanctioned  the  beginning  of  the  under- 
taking :  the  stations  from  which  reports  were  received  during 
the  first  two  years  were  confined  mainly  to  France,  but  the  net- 
work of  stations  was  extended  to  foreign  countries  in  1867.  In 
1868  all  the  important  cities  of  Europe  were  included,  and  on 
the  1st  of  January  of  this  year  began  the  publication  of  the  "Bul- 
letin International/' — previous  to  this  the  telegraphic  reports 
had  been  distributed  gratuitously,  but  only  to  the  observere 
and  others  immediately  engaged  in  the  work.  With  Septem- 
ber, 1863,  began  the  publication  in  the  Bulletin  of  the  chart 
and  the  isobaric  curves  for  Europe.  During  the  previous  six 
years  LeVerrier  had  met  with  insurmountable  obstacles  to  the 
systematic  utilization  of  the  weather  reports,  by  dissemina- 
ting predictions  of  storms,  &c., — but  occasional  warnings  had 
been  issued,  and  the  practicability  and  importance  of  the  mat- 
ter had  been  faithfuUy  urged  by  him.  In  this  year  (1868)  stim- 
ulated probably  bv  the  success  of  Fitzroy  in  England,  the 
obstacles  were  partly  removed,  and  the  French  system  of  daily 
probabilities  ot  weather  was  inaugurated.  In  1865  the  coope- 
ration of  the  French  marine  was  obtained,  and  with  this  year 
begins  the  series  of  quarterly  volumes  of  the  "Atlas  G^n^ranx 
des  Mouvemens  de  1  Atmosphere."  To  the  preface  of  this  vol 
ume  we  must  refer  for  the  fullest  detail  of  LeVerrier's  under- 
takings. 

The  storm  warnings  issued  since  1860  by  Buys  Ballot  in  the 
Netherlands,  and  those  of  Fitzroy  (died.  May,  1865),  and  Bab- 
ington  in  England  (Feb.,  1861,  to  Dec,  1865),  followed  upon  the 
growing  success  of  the  French  system ;  and  the  recent  exten- 
sion of  these  to  India  and  Russia,  as  well  as  the  system  now 
being  organized  in  Australia,  need  but  to  be  mentioned.  The 
present  English  system  in  charge  of  the  "Meteorological  Com- 
mittee," is  in  some  respects  very  different  from  that  established 
by  Fitzroy:  it  began  its  publication  of  weather  intelligence  in 
December,  1867. 

While  thus  practical  meteorology  has  made  brilliant  progress 
in  Europe,  we  cannot  forget  that  the  original  impulse  to  this 
success  was  given  bv  the  labors  of  our  own  countrymen. 
Franklin*  is  said  to  nave  been  the  first  who  strictly  defined 
and  published  the  general  law  that  the  stonns  of  our  Southern 
States   move   off  to  the  northeastward  over  the  Middle  and 

*  Karlier  than  Franklin  must  have  been  Lewis  Evans,  who,  according  to  Hon-T. 
Pownal,  M.  P.,  published  in  1 749  at  Philadelphia,  the  brief  statement  of  this  gen- 
eral law.     (See  Blodget's  Climatology,  p.  379). 
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Dastern  States,  preceded  by  northeastern  wind  and  rain,  and 
bese  latter  followed  necessarily  by  low  barometer  and  westerly 
rinds,  with  clearing  up  weather.  In  this  we  recognize  the 
riginal  of  the  generalizations  of  President  Jefferson  and  Dr. 
f  itchell,  as  published  in  their  writings,  and  something  a  step 
0.  advance  oi  the  propositions  of  Lavoisier,  for  the  .study  and 
(rediction  of  storms.     (See  Atlas  Gdn^raux,  1865,  p.  18). 

To  Sir  Wm.  Reid  and  W.  C.  Redfield,  (this  Journal,  1831) 
3  due  a  clear  analysis  of  the  elements  of  storms  and  the  deduc- 
ion  of  the  more  general  laws  followed  bv  them.  To  the  gen- 
ralizations  of  these  authors  relative  to  the  ocean  storms  of  the 
STestern  Atlantic,  Espy  (Philosophy  of  Storms,  1841,  and  Re- 
K>rts,  1854),  and  Loomis  (on  the  Storms  of  1836,  1842,  &c.) 
idded  others  referring  to  the  storms  of  our  interior,  and  to  the 
origin  of  atmospheric  disturbances.  To  Ferrel  (the  Motions  of 
riuids  and  Solids,  1856  and  1860)  we  owe  the  most  complete 
oathematical  investigations  into  the  general  and  the  special 
Qovenients  of  the  atmosphere.* 

However  frequently  the  idea  may  have  been  suggested  of 
itilizing  our  knowledge  by  the  employment  of  the  electricttel- 
;graph,  it  is  to  Professor  Henry  and  his  assistants  in  the  Smith - 
{onian  Institution  that  the  credit  is  due  of  having  first  actually 
realized  this  suggestion.! 

The  practical  utilization  of  the  results  of  scientific  study  is 
urell  known  to  have  been  in  general  greatly  furthered  by  the 
abors  of  this  noble  Institution,  and  from  the  very  beginning 
E^fessor  Henry  has  successfully  advocated  the  feasibility  of 
iclegraphic  storm  warnings.  Tne  agitation  of  this  subject  in 
^he  united  States  during  the  years  1830-1855,  may  be  safely 
aresumed  to  have  stimulated  the  subsequent  action  of  the 
Baropean  meteorologists.  It  will  be  interesting  to  trace  the 
gradual  realization  of  the  earlier  suggestions  of  Redfield  and 
Loomia,  in  the  following  extracts  from  the  annual  Smithsonian 
Reports  of  the  respective  years. 

*  Meteorological  studies  were  actively  carried  on  by  the  Joint  Committee  of  the 
Afloerican  PhiL  Soc  and  of  the  Frankhn  Institute,  from  1834  to  1838,  Professor 
£«|>3r  being  chairman,  and  were  furthered  by  the  Franklin  Kite  Club  in  the  latter 


f  See  Vienna  Acad.  Sitzungsberichte. 

Tlie  first  published  suggestion  that  I  have  found  is  by  the  lamented  Redfield ; 
Hob  Joamal,  Sept  1846. 

**  In  the  Atlantic  ports,  the  approach  of  a  g^le  may  be  made  known  by  means 
of  thb  electric  telegraph,  which  probably  will  soon  extend  from  Maine  to  the 

The  next  notice  and  very  nearly  in  the  wording  of  the  above,  is  in  the  Report 
to  Prof.  Henry,  by  Prof.  Loomis.     Smithsonian  Report,  1847. 

•*  When  the  magnetic  telegraph  is  extended  from  New  York  to  New  Orleans 
t&'J  St  Louis,  it  may  be  made  subservient  to  the  protection  of  our  conimerce, 
oven  in  the  present  imperfect  state  of  our  knowledge  of  storms,  Ac." 

See  alao  the  *'  Rural  New  Yorker"  of  the  following  year;  also  the  "Boston  Cou- 
rier'' and  the  ''  Philadelphia  Evening  City  Item,"  for  1848  and  1849. 
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1847.  "  The  extended  lines  of  telegraph  will  furnish  a  ready 
means  of  warning  the  more  northern  and  eastern  observers  to 
be  on  the  watch  for  the  first  appearance  of  an  advancing  stomL" 

1848.  **  As  a  part  of  the  system  of  meteorology,  it  is  pro- 
posed to  employ,  as  far  as  our  funds  will  permit,  the  magnetic 
telegraph  in  the  investigation  of  atmospherical  phenomena. . . . 
The  advantage  to  agriculture  and  commerce  to  be  derived  from 
a  knowledge  of  the  approach  of  a  storm  by  means  of  the  tele- 
graph, has  been  frequently  referred  to  of  late  in  the  public  jour- 
nals; and  this  we  think  is  a  subject  deserving  the  attention  of 
the  Government." 

1849.  **  Successful  applications  have  been  made  to  the  pres- 
idents of  a  number  of  telegraph  lines  to  allow  us  at  a  certain 
period  of  the  day  the  use  of  tne  wires  for  the  transmission  of 

meteorological  intelligence as  soon  as  they  [certain 

instruments,  &c.,]  are  completed,  the  transmission  d  observa- 
tions will  commence." 

[It  was  contemplated  to  constitute  the  telegraph  operators 
the  observers]. 

^850.  "  This  map  [an  outline  wall  map]  is  intended  to  be 
used  for  presenting  the  successive  phases  of  the  sky  over  the 
whole  coimtry  at  different  points  of  time,  as  far  as  reported" 

1851.  "  Since  the  date  of  the  last  report  the  system  partic- 
ularly intended  to  investigate  the  nature  of  American  storms 
immediately  under  the  care  of  the  Institution,  has  been  con- 
tinued and  improved." 

The  system  of  weather  reports  thus  inaugurated  continued  in 
regular  operation  until  1861,  when  the  disturbed  condition  of 
the  country  rendered  impossible  its  further  continuance.  Mean- 
while however  the  study  of  these  daily  morning  reports  had 
led  to  such  a  knowledge  of  the  progress  of  our  storms,  that  in 
the  Report  for  1857,  Prof  Henry  writes : 

1857.  ^*  We  are  indebted  to  the  National  Telegraph  Line  for 
a  series  of  observations  from  New  Orleans  to  New  i  ork  and  as 
far  westward  Jis  Cincinnati,  which  have  been  published  in  the 
Evening  Star  of  this  city.  We  hope  in  the  course  of  another 
year  to  make  such  an  arrangement  with  the  telegraph  lines  as 
to  be  able  to  give  warnings  on  the  eastern  coast  of  the  approach 
of  storms,  since  the  investigations  which  have  been  made  at 
the  Institution  fully  indicate  the  fact  that  as  a  general  rule  the 
storms  of  our  latitude  jnirsue  a  delinite  course." 

It  would  seem  ther(3fbre  that  nothing  but  the  disturbances  ol 
the  late  war  prevented  our  having  had  ten  years  ago  a  valuable   t 
system  of  practical  storm  Vv'arriiugs.    Even  holorc  peace  had  l)cen     \ 
])roclaimed.  Professor  Henry  sought  to  revive  the  svstematic 
daily  weather  re]K)rts.  and  in  August,   1864,  at  the  meeting  of 
the  North  American  Telegraph  Association  (see  their  published 
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Report  of  Proceedings),  a  paper  was  presented  by  Professor 
Baird,  on  behalf  of  the  Smithsonian  Institution,  requesting  the 
privilege  of  tlie  use  of  the  telegraph  lines,  and  more  especially 
in  order  to  enable  Professor  Henry  "to  resume  and  extend  the 
Weather  Bulletin,  and  to  give  warning  of  important  atmos- 
pheric changes  to  our  seaboard."  In  response  to  this  commu- 
nication it  was  resolved,  "  That  this  Association  recommend 

to  pass  free  of  charge,  .  .  .  brief  meteorological  reports, 

...  for  the  use  and  benefit  of  the  Institution." 

On  the  communication  of  this  generous  response,  prepara- 
tions were  at  once  made  for  the  laborious  undertaking,  and  the 
inauguration  of  the  enterprise  was  fixed  for  the  year  1866.  In 
January  of  that  year  however  occurred  the  disastrous  fire 
vhich  so  seriously  embarrassed  the  labors  of  the  Smithsonian 
Institution  for  several  following  years :  it  became  necessary  to. 
indefinitely  postpone  this  meteorological  work,  which  indeed 
had  through  its  whole  history  been  carried  on  with  most  limi- 
ted financial  means,  and  was  quite  dependent  upon  the  liberal 
cooperation  of  the  diflerent  telegraph  companies. 

It  will  thus  be  seen  that  without  material  aid  from  the  Gov- 
ernment, but  through  the  enlightened  policy  of  the  telegraph 
companies,  and  with  the  assistance  of  the  munificent  bequest  of 
James  Smithson,  "for  the  increase  and  diffusion  of  knowledge," 
the  Smithsonian  Institution,  first  in  the  world,  organized  a  com- 
prehensive system  of  telegraphic  meteorology,  and  has  thus 
given  first  to  Europe  and  Asia,  and  now  to  the  United  States, 
fliat  most  beneficent  national  application  of  modem  science, 
the  Storm  Warnings. 

Having  been  absent  from  the  United  States  in  1864-66,  it  so 
happened  that  I  was  not  acquainted  with  the  more  recent  plans 
of  tne  Secretary  of  the  Smithsonian  as  above  detailed,  but 
rather  supposed  that  its  costliness  would  always  prevent  the 
resumption  by  that  Institution  of  this  national  work.  In  May, 
1868,  on  taking  charge  of  the  Cincinnati  Observatory,  I  urged 
in  my  Inaugural  Report,  that  the  practical  utilization  of  the 
sciences  there  cultivated  should  be  our  constant  care,  and  the 
desirability  of  storm  warnings  was  specially  indicated.  This 
latter  subject  was  in  the  same  year  brought  by  myself  before 
the  Cincinnati  Chamber  of  Commerce,  and  that  body  at  once 
decided  to  authorize  me  to  establish  a  system  of  Reports  and 
Predictions,  at  its  own  expense  and  for  its  special  benefit 

"  The  Weather  Bulletin  of  the  Cincinnati  Observatory  "  began 
September  1st,  1869,  the  previous  summer  having  been  fully 
occupied  with  preparations  for  this  duty  as  well  as  with  the 
labors  incident  to  the  "  eclipse  expedition    of  the  Observatory.* 

•  Aooompanied  by  seven  amateur  assistants,  I  occupied  the  site  of  old  Fort 
Dtkotah,  (now  Sioux  Ffells  City),  Dakotah  Territory.     A  very  complete  series  of 
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Beginning  with  ten  stations,  the  number  was  gradually  increas- 
ed to  thirty,  from  most  of  which  the  experienced  correspond- 
ents of  the  Smithsonian  Institution  sent  me  their  morning 
observations.  The  dispatclies  being  in  a  condensed  form, 
allowed  me  to  receive  the  fullest  details,  L  e.  barometer :  dry 
and  wet  thermometer ;  direction  and  force  of  wind ;  weather  and 
rain-fall;  kind,  amount,  direction  and  velocity  of  motion  of  the 
upT)er  and  the  lower  clouds  ;  and  remarks.  The  Bulletin  was 
published  in  printed  form  at  first,  and  subsequently  by  the 
** Rogers  Manifold  Bulletin  Process,"  appearing  daily  (Sundays 
excepted),  at  noon.  To  it  was  aj)pcndea  a  brief  forecast  of  the 
weather  that  would  probably  be  experienced  at  Cincinnati 
during  the  next  twenty-four  hours. 

This  was,  I  believe,  the  first  systematic  attempt  in  the  Uni- 
ted States  to  make  the  weather  reports  practically  useful  to  our 
commercial  commimities.  At  the  expiration  of  the  first  three 
montlis'  trial,  and  while  negotiations  were  pending  with  the 
Western  Union  Telegraph  Company,  for  its  permanent  contin- 
uance, I,  in  order  to  prevent  a  break  in  the  series,  for  six  months 
maintained  the  Bulletin  myself,  receiving  the  dispatches  gratu- 
itously from  the  telegraph  employees,  and  publishing  the  reports 
daily,  including  Sundays,  in  the  newspapers  of  Cincinnati 
The  reports  indeed  ceased  to  include  barometric  readings,  but 
the  number  of  stations  was  much  increased,  and  the  value  of 
the  Bulletin  to  the  general  public  very  frequently  acknowl- 
edged. In  February,  1870,  Mr.  Armstrong,  the  enterprising 
manager  of  the  W.  u.  Tel.  Office  in  Cincinnati,  undertook  the 
daily  publication  (by  the  Rogers  Manifold  Map  Process)  of  a 
Weather  Map  for  the  United  States,  and  this  added  very  much 
to  the  value  of  and  interest  in  the  rejx)rts.  Copies  of  this  map 
were  regularly  sent  to  the  telegraph  offices  in  Cliicago  and  New 
York  and  elsewhere,  everywhere  meeting  with  favor.  In  May? 
1870,  the  publication  of  both  Bulletin  and  Map  was  underta- 
ken t)y  Mr.  Armstmng,  and  continued  to  be  issued  by  him 
until  in  December,  when  the  entire  service  was  relinquished, 
in  view  of  the  daily  publications  of  the  Army  Signal  Office. 

I  had  undertaken  this  laborious  work,  in  the  confident  hope 
that  bv  it  a  local  interest  would  be  excited  in  the  Observatory, 
wliich  might  possibly  lead  to  its  being  better  supported  bv 
the  friends  of  science  in  Cinrinnnti  :  and  equally  had  I  hopea 
Mn<l   t'xpected  thus   to   contribute   towards   the  establishment 

observations  WtO-s  securorl.  but  iho  Mul»so(nient  vc;ir  was  inccspantlv  occuried  with 
VLTv  imperative  labors  on  tiic  Weather  l;ulliMin  and  a  subsequent  absence  from 
Cincinnari,  so  iluit  I  have  as  yet  Ixen  utterly  unable  to  even  attempt  the  ndiic- 
tion  antl  nublication  of  our  ob;-ervatioii«i.  Bv  means  of  a  very  fine  six-incii  jicIko- 
niiitio  and  favored  ])v  a  renuirkal)lv  clear  atmo-phore.  interesting?  and  novel  ob-e""- 
vation-  were  made  upon  the  conaia.  of  whieh  a  brief  n'.'tice  was  at  once  coinniu- 
uieated  to  the  editor  of  tlie  Astronomische  Xifchrichft'ii. 
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nore  extended  and  ultimately  of  a  national  system,  such 
>se  that  had  long  been  known  in  Europe.     To  this  end 

August,  1869,  in  behalf  of  the  Cincinnati  Chamber  of 
nerce,  had  proposed  to  the  Board  of  Trade  of  Chicago  a 
al  plan  of  cooperation  by  which  both  organizations  would 

in  the  advantages  expected  to  result  from  the  Weather 
tin.  That  body,  however,  through  a  special  committee, 
Ted  not  to  engage  in  such  an  enterprise,  although  sensible 

feasibility,  unless  the  Dearborn  Ooservatory  snould  give 

weight  of  its  authority  and  name ;  but  the  other  duties 
•ofessor  Saffbrd  seemed  to  forbid  this,  and  I  was  forced  to 
3  the  advantage  of  such  cooperation.  An  editorial  in  the 
go  Evening  Journal  of  August  13-17,  served,  however,  to 
ttention  to  the  Cincinnati  enterprise. 
November,  1869,  occurred  at  Eichmond  the  annual  meet- 
f  the  National  Board  of  Trada  Several  of  the  Cincinnati 
ates  (and  especially  Mr.  John  A.  Gano,  President  of  the 
ttnati  Chamber  of  Commerce)  had  been  the  hearty  sup- 
ra of  my  Weather  Bulletin,  and  were  desirous  of  bringing 
ibject  to  the  attention  of  that  body.  Their  action  was,  how- 
anticipated  bv  that  of  the  Hon.  C.  D.  Holton  of  Milwau- 
vho  presented  a  memorial,  drawn  up  by  the  Hon.  I.  A. 
aun.  This  distinguished  observer,  to  whom  I  had  for  some 
been  indebted  for  my  daily  weather  report  from  Milwau- 
vas  perhaps  more  sanguine  than  myself  of  the  prospect  of 
diate  aid  from  Congress,  and  heartily  labored  to  impress 
oportance  and  feasibility  of  storm  warnings  upon  the  atten- 
n  that  body.  By  him  was  drawn  up  the  memorial  pre- 
i  to  Congress,  Dec.  14, 1869,  by  Hon.  H.  C.  Paine,  and  the 
quent  papers  printed  as  Miscellaneous  Document  10,  (41st 
ress).  Tnis  latter  paper,  as  well  as  the  chart  of  the  storm 
irch,  1859,  published  by  Professor  Lapham  in  the  Chicago 
lu,  served  to  very  generally  arouse  puolic  attention.  The 
sity  for  action  was  heartily  endorsed  by  prominent  Boards 
ade  and  Commerce  and  by  eminent  scientific  authorities. 
r.  Paine  is  due  the  suggestion  that  the  conduct  of  the  ser- 
)e  entrusted  to  the  War  Department,  and  it  is  interesting 
bice  that  independently  of  and  coincident  with  the  labors 
ofessor  Lapham,  "  papers  and  maps  in  reference  to  the 
subject  were  preparea  in  the  War  Department" 
igress  as  well  as  the  country  seemed  ready  for  this  meas- 
nd  by  unanimous  consent  the  following  joint  resolution 
romptly  passed,  receiving  the  President's  signature  on  the 
ebruary,  1870: 

e  it  resolved,  &c..  That  the  Secretary  of  War  be,  and  he 
y  is,  authorized  and  required  to  provide  for  taking  meteor- 
:al  observations  at  the  military  stations  in  the  interior  of 
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the  continent,  and  at  other  points  in  the  States  and  Territories 
of  the  United  States,  and  for  giving  notice  on  the  northern 
Lakes  and  on  the  sea  coast  by  magnetic  telegraph  and  marine 
signals,  of  the  approach  and  force  of  storms. 

By  a  general  order  of  March  15th,  Brevet  Brig.  Gen.  Albert 
J.  Mver,  the  Chief  Signal  Officer  of  the  army,  was  charged  with 
the  duty  of  the  execution  of  the  preceding  law,  and  has  there- 
fore organized  in  connection  with  the  Army  Signal  OflBce,  the 
*'  Division  of  Telegrams  and  Eeports  for  the  Benefit  of  Com- 
merce." 

Washington.  May  1,  1871. 
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HiLGARD. 
[Continued  from  page  25.] 

A  DIRECT  onward  evolution  of  Vorticella  I  had  occasion  to 
realize  on  the  fetid  scum  cuticle  of  a  putrescent  aquarium. 
All  the  VorticellsB  which,  in  dense  clusters,  lined  the  under  sur- 
face of  that  membrane,  or  animal  pellicle,  were  found  to  elongate 
into  a  sort  of  roughish,  but  very  hyaline,  cucumber-shaped 
form ;  each  "  cucumber  "  at  first  crowned  with  a  true  vorticellaii 
pitcher-mouth,  mostly,  however,  closed  and  rounded  over,  occa- 
sionally gaping  or  as  it  were  yai(;mr?^  spasmodically,  at  intervals 
only,  ana  which  finally  "  shut  up  "  for  good.  The  little  glassy 
knobs — like  so  many  trunk-nails — that  covered  the  surface, 
grow  into  soft,  jerking-bristles  ;*  the  mouth  into  the  well- 
known  mustachioed  slit  of  barbiform  cilia ;  and  the  wan, 
limpid,  empty  and  now  entirely  flattened,  ligulate  or  sandal- 
shaped  body  tears  loose  as  a  young  fluttering,  pallescent  Oxy- 
triclia  (Pelionella)j  or  so-called  "hackle-animalcule:"  darting  by 
the  jerks  of  its  stiffish  marginal  bristles,  and  by  the  constant 
"  plying ''  of  the  long-barbed,  ciliate  slit  effecting  its  slower 
progress.  It  never  revolves,  but  often  crawls ;  (both  in  con- 
tradistinction to  the  fleeced,  revohnng  and  vacuole-propelled 
"  Paramecium ''  form. 

This  is  probably  the  "  sliort-line  "  development,  of  Oxytricha, 
directly  fi'om  the  germinal  clouds  or  the  parasite  of  Chlamydo- 
coccus,  through  Yorticella.  I  have  no  good  figures  to  refer  to. 
since  even  the  detailed  ones  of  Ehrenberg,  in  Trans.  Berlin  Acad. 

*  In  their  onward  devolopment  these  softish  bristles  arc  indurated  into  '*  styles'' 
(of  speciM!i-t<).  Tlie  aitoutivo  reader  will  observe  that  on  such  altcmtion?  of 
growth  alone,  a  p:reat  many  colliding  f;dse  genera  and  species  have  been  formed 
Siiji.  sat.  Wo  have  naturally  to  reject  all.  of  which  the  morfe  of  developiiient 
remains  unknown,  as  indicating  a  false  standpoint. 
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.888,  Tab.  Ill,  figs,  ii,  iii,  and  iv,  which  belong  here  (as 
IS  Tab.  XXIV  and  XXV  of  A.  Pritchard's  Hist  In£, 
.  are  too  inaccurate  to  serve  as  a  guide,  or  to  be  readily 
fiable  even  by  those  acquainted  with  the  real,  natural 
rinaterial  itself. 

first  the  bristles  of  the  (tongue-shaped,  flat  and  elongate- 
cal)  Oxvtricha  are  fluttering  and  tremulous ;  but  as  it 
and  rapidly  increases  in  bulk,  all  the  well-known  charac- 
f  the  complete  "  Oxytricha,"  its  stiflSsh  darting-bristles, 
imose,  obscured  body,  irregularly  replete  with  granular 
,  and  very  frequently  cross-dividing,  become  typified. 
i  thus  cross-divided  (a,  process  well-known  and  abundantly 
d)  the  front  part  alone  retains  the  barbed  mouth,  which, 
the  apex,  switches  down  like  a  moustache  on  a  longitudi- 
it  about  a  quarter  of  the  whole  length.  The  blunt  rear- 
on  the  contrary,  separates  with  an  incurrent  angle  which 
contracts  into  a  new  mouth ;  whereby  the  rear-animal 
a  blunter  shape  (like  the  cotyledon  of  an  almond,  the  flat 
ownward). 

3  Oxytricha  is  by  no  means,  however,  to  be  considered  as 
alt  form,  since  it  is  never  seen  to  exhibit  a  continuity  as 
nembrane,  or  of  internal  ducts  or  viscera.  Neither  is  it 
to  "copulate"  or  adhere  lengthwise,  or  in  any  other 
►n,  to  one  another,  except  in  the  process  of  self-division. 
Ices  it  readily  divide  by  longitudinal  fission,  in  this  state, 
e  seen  this  onlv  once.  Crawling  and  darting  by  an  ap- 
is of  marginal  bristles,  prolonged  in  front  and  particularly 
)  rear,  it  is  destitute  of  the  *' propulsive  vacuoles,"  as  found 
1  the  large  "  Paramecium  Aurelia  ;^^  but,  besides  being  stud- 
)articularly  in  the  rear  portion,  with  a  great  number  of 
•  and  smaller  granular  pellets^  its  body  exhibits  near  the 
e  a  large,  clear  and  granulate  "  germinal  speck  "  or  nu- 
which  is  often  oTDserved  to  swell,  protruding  globularly 
the  surface,  below  and  above,  when  seen  crawling,  in 

3.* 

jasionally  it  is  seen  to  extrude,  suddenly,  that  turgid 
nal  nucleus  or  yolk  (vtiellus),  which,  as  in  all  these  cases. 
If  coatless,  but  nung  around  with  divers  jerking  molecular 
ents,  torn  loose  from  the  parental  body ; — ^wnich  is  rup- 
on  the  spot,  but  readily  **  re-cemented,"  as  it  were. 

e  transfonnation  of  the  "  rear-part "  of  Oxytricha,  as  given  by  J.  Hairoe 
.  ScL  Nat,  Ser.  3,  torn,  xix,  p.  109  (and  represented  in  Carp.  Micr,.  p.  447 
J)t  I  have  not  been  able  to  verify  myself;  it  must  not,  however,  by  any 
t)e  confounded  with  the  enq/simetUs  (I)  of  Vorticella,  producing  wafer-like 
.68 ;  (2)  of  the  non-pulsating,  tear-shaped  ''Paramecium  kolpoda"  grub, 
OK  free  Oxytricha;  nor  (3)  with  that  of  the  "  oyster  "  or  " porte-monoaie  " 
rrodudng  paramecium-like  bodies,  gregarina-faahion ;  nor  either  (4X  with 
jge  Oxytricha  "  currants,"  containing  tJ^e  revolving  "  crucible." 
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The  larger  of  these  coatless,  granular  yolks — (constitutiDgtlie 
original  ^;5ew^-genus,  and  species  **  Zooghna  Termo  "  Dujara.")* 
mostly  consist  of  two  parts,  viz  :  a  general  "  albumen  "  of  a 
granular  and  evidently  tra])ecular  texture,  enclosing  one  or  two 
distinctly  coated^  quite  hyaline  and  perfectly  globular  vesicks. 
The  latter  resemble  in  shape  a  very  clear  white  currant^  as 
it  were,  by  having  a  shai-ply  defined  circlet  inscribed  Bear 
one  side,  that  is  caused  by  a  local  inversion  of  contents  (some- 
what like  the  air-vesicle  within  a  hen's  egg). 

These  "  currant  "-yolks  enlarge  in  size  and  soon  at  the 
(darkening)  circlet,  or  rim  of  the  introversion,  reveal  a  rapid 
rotation  and  "  ciliary  motion  ;" — ^imd,  still  later,  a  contortion 
and  volubility  of  contents,  really  perplexing  to  the  attentive 
beholder,  who  in  vain  attempts  to  determine  its  form,  or  at  least 
to  detect  it  in  the  moment  of  hatching,  "anxiously  wasting 
whole  nights  and  hall'  days"  thereon,  as  Ehrenberg  has  ex- 

Eressed  himself  on  a  similar  subject.  At  last  the  membrane 
ursts  and  extrudes  a  globe  or  halo  of  gelatine,  containing  a 
crucible-shaped  body,  gently  moving,  which,  when  finally  set 
free  by  the  rupture  of  that  gelatinous  halo,  at  once  elastically 
extruding  t/ie  inverted  par t^  takes  a  shape  resembling  a  rice-palea 
or  the  fore-wing  of  a  thunder-fly  (Thrips) ;  traveling  broaa-end 
foremost  with  great  velocity,  and  steady  as  an  arrow.  After  a 
while  a  somewhat  ludicrous  scene  ensues,  when  the  little  ani- 
mal, by  shedding  its  fissured  skin  or  scabbard,  is  seen  violently 
struggling  to  disentangle  its  large  jerking  bristles  hidden  in  the 
veins  of  the  sheath,  and  its  small  body.  It  thus  appears  like  a 
little  dwarf,  frantically  floundering  about  in  a  Spanish  cloak, 
spurs  and  sword  too  large  for  their  owner.  It  now  represents 
a  very  small  Oxvtricha  with  comparatively  very  long,  stout,  but 
as  yet  softish  bristles. 

This  formed  the  more  direct  evolution,  from  the  Oxytricha 
pellet,  viz:  out  of  its  circular  " currant-vesiclea"  Its  envelop- 
ing gruinose  mass  of  "  trabeculated  albumen,"  however,  keej)s 
still  increasing  to  the  appearance  of  a  loose  snow-ball,  as  it  were ; 
and  each  single  trabecular  joint  assuming  a  sort  of  warped 
§-f(3rm,  and  a  jerking  spasmodic  commotion,  they  at  last  tear 
loose  sin^rly,  and  escape  each  as  a  lanceolate,  warped  and  finely- 
tiiiled  *'  Vihrio  Termo  Dujard/'f     In  consequence  of  its  twisted 

*  As  roproaeiited  by  Colin  in  '•  Nov.  Act.  Xat.  Curios."  1854,  Vol.  I,  Tab.  iv, 
fit^.  IX.  In  Kl<tV)'.<  microscopic  icscarolics  on  Cholera,  tlic  term  is  nii-applicd  i-' 
en^or^^d  jnintn  «.f  dissected  corruptive  fli>ril.s  (or,  '"  Oidiuni  lactis '')  replete  ^viih 
bactcri  il  dau.'htor-cells. 

f  The  mime  of  *'//.rwo"  {rriunjv,  ii  boundary-pole  or  stake)  probably  referred, 
originally,  raiher  to  tlie  c.vlindric  "'  battering-rams"  extruded  from  difllueut  "oiir* 
raut  "-vt.-.«jicl('8  (or  unudia)  of  th"  param«cian  clou<l-di."isolution,  as  below  doiailC'il- 
The  albuminous  0.\yt.richa-i>ellei  is  ])relty  well  lejiresented  in  A.  rrilchard's  '*A 
Jlistory  cf  Infu^c^ria."  tab.  xviii,  lit^.  (19.  Tho  indistiiici  >^-shaped  (constituent  «"»r) 
dev.Iopintr  particles,  however,  are  there  technically  represented  by  shading  vr[V.\ 
cro.ss-stria-,  conveying  a  false  impression  of  their  shape  and  structure. 
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ipe,  it  makes  its  way  with  a  vacillating  archimedean  motion, 
ing  constantly  turned  round  as  it  is  rushing  onward.  When 
o^t  yi^  line  long,  it  already  clearly  reveals  the  (still  warped, 
t  finally  flat)  lyq/er-shaped  body ;  and  the  longitudinal  strice, 
nged  with  an  undulating  fUece^  as  well  as  the  oblique,  ciliate 
>utli^  which  also  characterize  its  later  stages.  From  an  ob- 
ig  orbicular  pouch-shape,  when  about  j\  of  a  line,  it  he- 
mes round  like  "  navy  "-beans  (up  to  ^\  of  a  line)  only  a 
tie  tapering  at  the  upper  end ;  the  small  oblique  mouth  being 
ittle  above  the  middle.  The  delicate  longitudinal  striae  aU 
er  the  body — melon-fashion — ^give  them  an  iridescent  appear- 
ce,  both  under  the  microscope,  singly,  and  when  swarmmg  in 
iisses  on  the  surface,  e.  g.  of  aquaria,  or  of  the  draining-pans 
flower-stands.  The  striaa  are  apparently  set  with  very  soft 
ululating  threads,  resembling  wool,  nearly  half  a  diameter  long, 
likeness  of  **  ginned  "  cotton-seed.  This  feature  is  absolutely 
erlooked  in  most  of  the  figures  from  Ehrenberg  up  to  the 
•esent  day ;  otherwise,  the  former's  "  Paramecium  Kolpoda  "* 
ould  seem  to  represent  a  few  of  its  onward  developments. 
The  body  now  commences  to  bisect,  at  first  crosswise  ;  becom- 
waisted,  across  Hie  mouth,  so  that  each  half  has  a  part  of  the 
one.  After  assuming  the  form  of  an  8,  they,  after  long 
niggling  and  toiling,  bisect,  often  spinning  out  a  long  gelatin- 
is  thread  (as  of  a  limpid  gum)  and  jerking  each  other  most 
Btily  ;  but  after  disruption,  thev  presently  round  off. 
In  this  condition,  and  the  following,  the  bodies  contain  one 
rger  and  a  great  many  smaller  granular  pellets, — "yolks  "  or 
germinal  specks,"  which  I  have  not  distinctly  seen  discharged, 
ut  now  the  surface  of  the  water  becomes  clouded  with  such 
tmular  balls,  of  uniform  molecules  (about  j-g\^  line  in  thick- 
3ss)  that  likewise  germinate  into  the  fragiform  clouds,  alluded 
>  in  connection  with  Vorticella,  etc.,  and  is  covered  with  an 
jparently  amorphous,  most  delicate  but  cohesive  pellicle  (as  of 
modion)  at  the  superficial  contact  with  air.  AU  these  forms, 
i  above  stated,  when  caught  on  a  dry  surface  (e.  g.  by  their 
adulating  floss),  instead  of  forming  into  a  dry  scab,  suadenly 
Bcome  liquid  (like  fusing  lead),  with  an  immense  internal  com- 
lotion  of  parts,  and  bodily  dissolve  into  such  cloud-molecules. 
"he  "  wool"  itself  becomes  ^mosi-" dropsical,"  and  each  single 
bril  difiluent  into  a  series  of  such  uniform  globular  molecules, 
rhich  at  first  are  endowed  with  an  independent  motion,  vibrio- 
ike.  Besides  this,  most  of  the  encystments,,  moultings  and 
olk-extrusions  take  place  under  the  isolating  cover  of  that 
iniform  protoplasm-membrane,  which  seems  to  exhale  a  sort  of 
Mtuminous  odor  (like  the  fumes  of  burning  flesh,  sun-baked 
txarrion,  or  the  rank  smell  of  miry  river  banks).    Membranes,  as 

*  Abhandl.  Berlin  Acad.  Wisa.,  1834,  Tab.  in,  fig.  3. 
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thin  but  chemically  homogeneous  organic  substances  being  im- 
permeable to  certain  gases,  while  permeable  to  others,  a  good 
deal  of  physiological  interest  is  involved  in  the  study  of  this 
protoplasm-membrane,  and  its  relation  to  the  8wanip-ga8e& 
The  particles  of  the  nubecula  are  uniformly  globular. 

After  repeated  cros^-segmentations,  these  undulate  fimbriate 
bodies,  always  revolving  about  the  long  axis  (while  evidently 
traveling  onward  by  the  action  of  the  ciliate  mouth)  divide 
lengthwise,  from  below  upward ;  thereby  -becoming  somewhat 

Eurse  or  tear-shaped ;   the  mouth  being  split  in  two,  so  that 
oth  stand  "  plying  "  mouth-to-mouth,  wlme  yet  connected  at 
their  foreheads,  as  it  were.     These  finally   tear  asunder  by 
indentures,  after  which  each  has  the  shape  of  a  crooked  glass- 
tear.     When  more  adult,  and  about  ^'j  of  a  line  long,  the  in- 
ternal yolks  and  designs  have  disappeared  ;  the  sarcode  assumes 
a  uniform  yellowish  tinge ;  its  mouth  forms  deep  cavities,  while 
its  front  is  toppling  over  like  the  hood  of  an  Indian  turnip 
{Arum  triphyllum)  or  of  a  Sarracenia  leaf.     It  now  contracts 
to  a  globe  and  encysts.     When  a  smooth,  transparent  crust  is 
formed,  gradually  an  inward  gyration  of  cilia  (as  of  an  enclosed 
centipede)  which  ultimately  becomes  verv  violent,  is  observ- 
able ;  and  at  last  the  excessive  fatigue  of  watching  this  tanta- 
lizing gyration  may  be  rewarded  by  seeing  the  inmcUe  emerge^ 
either  as  quite  a  large  but  excessively  limber,  fluttering  and 
transi)arent,  full-size,  single  Oxjrtricha  ;  or  else  several  smaller, 
mostly  narrow,  triangular  slips)*  escape,  with  the  same  exceed- 
ingly restless  volubility ;  the  marginal  bristles  not  yet  being 
stiMy  extended  in  a  plane,  but  ruffled  up  and  down  like  the 
bristles  on  the  undulating  borders  of  a  thistle-leaf.     As  they 
feed  and  the  tissues  become  scatent,   the   entire   form  of  an 
Oxyiricha  is  presently  acquired. 

I  have  observed  still  another  development  of  Oxytricha ;  its 
first  source,  however,  being  as  yet  unknown  to  me.  There 
appear  on  the  field  of  action  numbers  of  quaint-looking,  big- 
eyed  balls,  about  j\^  line  thick,  snouted,  as  it  were,  with  a 
sort  of  "  hair-lip  "  resembling  a  duck's  bill ;  the  stiff  bristles 
within  the  bill-shaped  mouth  Quivering  with  a  sort  of  expres- 
sive smirk,  and  looking  altogetner  odd. 

They  come  full-sized  and  booming  upon  the  stage,  and  in 
this  resj)oct  argue  a  direct  derivation  irom  certain  haw-shaped, 
five-costate  vorticellan  buds,  with  a  contracted  papinis  of  stif- 
fent'd  cilia  around  the  orifice,  spinning  and  rebounding  lik^ 
hummin<r-tops.  The  '' go<rgle ''  now  soon  becomes  stationary, 
and  shortly  after,  rapidly  exi^anding,  and  its  germinal  speck  or 
nucleus  (tbc  *'  eye '')  particularly  enlarging,  within  half  an  hour 

*  The  figures  L  and  M,  p.  417,  in  Carp.  "  Micr."  seem  to  belong  here. 
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psically  flattens  out  into  a  pretty  well-sized  Oxytriclia,* 
iimilar  sort  of  internal  fluxile  commotion  of  particles  as 
the  animals  dissolve  into  molecular  **  sauce." 
;  Oxytricha  is  not  a  perfect  animal  It  has  no  mem- 
3,  and  evidently  no  fibrous  tissues  at  all.  The  entire  tex- 
ipparently  remains  in  an  embryonic,  vitelline  condition, 

lave  in  a  single  instance  witnessed  what  appeared  to  be 
umlting  of  a  perfect  Oxytricha.  The  front  border  was 
vhat  removed  from  the  body,  which  it  crowned  like  the 
)f  an  ancient  helmet,  and  within  each  rigid  bristle  ("  style") 
thin  the  fingers  of  a  glove^  was  contained  the  far  more 
te  corresponding  one  of  a  clear  (and  now  entirely  yolk- 
3died)  animal, — the  lower  quarter  being  in  a  like  manner 
n  in  a  part  of  the  old  coat  I  thought  it  was  plainly  identi- 
th  the  following  animal,  whose  development  brings  us  up 
Paramecium  Aurelia.^^  As  I  have  not  been  able  to  chance 
such  a  moulting  process  again,  I  reserve  the  decision, 
jlear  (internal)  animal  is  apparently  developed  by  this 
;ing  of  the  Oxytricha.  Of  tne. latter,  the  very  bristles, 
detached,  seem  to  possess  individual  vitality,  singly  beat- 
bout  for  quite  a  while,  and  even  empty  coats  (apparently 
sometimes  behave  as  if  they  had  a  life  of  their  own.  At 
ents,  at  a  certain  epoch  there  appears  at  once  the  next  form 
estion,t  in  full  size,  upon  the  neld ;  the  transparently  clear 
s  sometimes  showing  a  scalloped  border,  and  alveoli,  as 
mer  yolks,  extruded — ^that  soon  smooth  over.  In  outline, 
lima!  appears  somewhat  like  the  soft  parts  of  an  oyster, 

flat,  somewhat  lop-sided,  in  the  shape  of  a  human  ear — 
remost  It  is  "  doubled  up  "  at  the  straight  border,  the 
er  lower  rim  being  overlapped,  as  by  a  lid,  with  a  smaller, 
licker,  upper  flap  ("lorica' )  containing  one  clear  germinal 
,  This  animal  opens  like  a  book,  undoubling  its  flaps; 
:  is  thus  that  it  devours  its  prey  (such  asconferval  spawns, 
by  bodily  enveloping  them  like  a  ray-fish  (Baya)  enfold- 
le  nourishment  as  if /w^erf  around  it,  and  the  whole  sur- 
jxhibiting  an  incredibly  rapid  ciliary  commotion  duHng 
hole  process  of  digestion.     This  done  the  cloak  again  un- 

often  appearing  like  two  stipules,  e.  g.  of  a  Liriodendron, 
tien  closes  up  again.  On  drying  up,  or  in  search  for  air 
wisture,  the  animals  are  often  seen  tomutuaUy  enfold  each 
s  flaps.     This  cannot,  however,  be  interpreted  as  a  sexual 

is  somewhat  resembles  fig.  F,  turning,  by  fluid  expansion,  into  fig.  E,  (Carp. 

(McQ.    Fig.  Ff  however,  requiring  to  be  duck-billed,  as  it  were,  and  fig.  E 

>p-sided  and  the  nucleus  more  central. 

trfaaps  the  "  Euphtes  "  of  authors.    Their  descriptiona  and  figures,  however, 

>thTng  that  sufficiently  resembles  this  very  common  form,  so  as  to  be  readily 

able. 
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copulation,  seeing  that  in  the  first  place  they  neither  develop 
any  eggs  :  nor,  in  the  second  place,  do  they  even  extruae 
yolks :  but  their  onward  development  is  by  encystment 

Within  a  few  minutes  such  a  full-grown  "oyster-grub"  is 
seen  contracting  its  big  flap,  so  as  to  present  the  sha})e  of  a 
hat  with  a  warped  rim  and  hemispherical  crown,  the  latter 
formed  by  the  blunter  lobe,  which  contains  the  "speck "or 
"  eye,"  and,  contracting,  gets  hemispherically  rounded.  Verv 
soon  (with  a  constant  adjustive  quivering  of  the  cilia-like 
bristles)  the  whole  is  rounded  into  a  globe,  wherein  the  doubled 
inside  forms  a  ciliate  hiatus.  The  latter,  soon  contracting,  closes 
over.  Nothing  is  now  seen  but  a  ball  with  a  clear  **  genninal 
speck."  In  a  few  hours  a  double  contour  (the  outer  one  ffranu- 
lar  is  exuded.  The  speck  or  "eye ''  itself  now  becomes  duskv 
and  granular.  It  increases.  It  bisects  "  Gregarina-'"  fashion. 
Each  pear-shaped  segment  again  acquires  a  clear  speck  or 
"  eye.'  They  elongate,  being  connected  by  the  blunt  ends,— 
each  one  tapering  to  a  very  soft  apex ;  and  these  very  laree 
germs  or  pseudo-Gregarinas  at  last  become  liberated,  probably 
as  '^Paramecium  Aurelia^'^  which  now  appears  yw/Z-^praum  on  the 
scene.* 

It  is  alx)ut  the  length  of  the  Oxytricha,  about  three  times 
the  length  of  the  revolving  wool-fringed  grubs  of  the  Oxy- 
tricha, and  bv  all  means  more  complexly  organized  than  either. 
It  has  the  sliape  of  the  (shoemaker's)  last  for  a  very  elegant 
ladies'  shoe.  From  one  side  it  therefore  gives  the  figure  as  of  a 
foot-print  (without  the  toes) ;  but  viewed  on  edge  has  a  pointed 
rear  end,  and  in  this  profile  it  "  takes  the  name  "  of  Parame- 
cium candaium  !  The  ankle  of  that  "  last,''  however,  is  beveled 
away  leavino^  the  instep  a  ridge.  Its  oral  aperture,  not  clearly 
distinguishable,  is  in  tne  middle,  slanting  almost  longitudinally 
for  al)out  one  quarter  of  the  length  of  the  body.  It  seems  to 
work  its  way,  dashing  by  vacuole-contiiiction,  while  at  the 
same  time  revolving  by  a  roundabout  coat  or  film  of  short 
pubescence,  almost  too  delicate  to  be  made  distinct  In  what 
appears  to  be  the  abdomen  it  has  the  well-known  circular 
pulsatory  vesicle,  wherewith  it  propels  itself,  and  around  which 
point  it  is  often  seen  spinning  like  a  wheel.  A  system  of  fusi- 
form or  bulbous  vessels  radiating  around  the  pulsatory  vesicle, 
contract,  as  the  vesicle  expands,  and  vice  versd,  as  is  well-knov^Ti: 
and  some  seem  to  have  several  swell  jtulsatory  '*  vacuoles."  The 
body  is  turgid  with  ratlier  small  germinal  yolks.  These  ani- 
mal? I  have*  never  seen  biscctin^^  either  lenirthwise+  or  across, 
nor  oi.»}>ulating  soxnally.     The  latter,  however,  seems  to  tike 

*  The  'iovolopm^ntal  exi>oriinonts  wore  made  in  small  parcels,  fi)rming  a  dK'p 
(between  irla?s-5;ip«,  somewhat  held  apart)  and  preserve<i  from  exsicciition. 
t  Ehrenberg's  tijruree,  liowover.  show  it  in  that  process  (if  not  a  mistake). 
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ice  with  the  Plaiiariae,  which  also  show  the  staghom-shaped 
trails  analogous  to  those  of  the  marine  (true)  rlanariae  and 
Tits  of  the  tape-worm,  whose  detached  individuals  are  also 
town  to  hover  freely  in  a  liquid,  like  these  Ciliata.  It  is  sup- 
•sahle  that  the  large  Paramecium,  with  pulsatory  organs, 
the  young  Planaria ;  but  it  is  certainly  not  itself  an  adult 

TTie  further  and  most  remarkable  of  all  these  progressive 
d  retrograde  developmeuts  is  the  following.  The  well  fed 
id  full  grown  but  entrailless  Paramecium  Aurelia  becomes  slow 
A  lazy,  grayish  with  the  teeming  germinal  contents,  and  in  a 
w  hours  may  be  seen  motionless  as  the  fabulous  "Kraken'*  of 
icient  Norway.  Its  entire  substance  now  commences  swelling 
rth  into  compact,  fragiform  "  germinal  clouds ;"  while  a  great 
any  of  the  germinal  specks,  now  become  less  obscured,  are 
ainly  discernible  as  of  the  clear,  ^^  currant-shape  yoUcs '^  kind 
hese  in  a  short  time  however,  commence  moving  ;  and  while 
tme  of  the  smaller  ones  are  being  propelled  by  adherent 
otile  granules  (probably  the  "  Acineta "  Ayx:t.\  the  larger 
les  move  by  contraction,  viz :  their  "  circlet "  becoming  everted^ 
ej  now  crawl  forth,  like  a  very  limpid  grub — resembling  a 
>rt  of  tumbling  sac  I  This  "  tumbling  "  is  produced  by  the 
ost  marvellous  facility  it  possesses  of  protruding  long,  blunt 
ranches,  (like  little  stove-pipes)  on  any  part  of  its  surface,  by 
rersion  ;  so  that  in  a  few  moments  its  form  is  entirely  changed. 
8  contents  are  a  visibly  and  rapidly  circulating  so-called  "  rotat- 
Iff  protoplasm,'^  composed  of  mostly  very  transparent  individ- 
u  vibrionic  particles,  partly  bulky,  but  mostly  very  small. 
^me  dark  (red  or  brownish)  vibrionic  dots  are  also  dis- 
smible. 

It  now  takes  the  form  which  has  been  called  "Amoeba." 
his  form,  however,  likewise  occurs,  when  similar  yolks  or  "aci- 
etfle,"  are  expelled  from  vorticellan  bodies.  In  either  case  the 
tumbling-sac  "  lastly  attains  a  versatile-campanulate  star-shape 
Hh  ^*'pseudopodiay^  from  which  break  forth  volumes  of  mini- 
lal  vibrios,  and  quite  large,  cylindric  bits  of  rods,  or  {pseudo)- 
bacteria."  The  latter  here  are  thicker  than  fungine  bacteria, 
nd  are  neither  coated  nor  ellipsoidaUy  shuttle-shaped,  but 
lontly  cylindric,  like  cartridges  or  butting  rams.  They  possess 
very  forcible  automatons  motion,  and  like  to  congregate,  and 
ith  great  violence  keep  butting  all  together,  one  against  the 
ther,  in  a  heap ;  and  within  a  few  minutes,  the  whole  appear- 
Qce  has  dissolved  and  passed  into  a  ** germinal  cloud"  of 
lolecular  "  vibrionic  "  cell-life. 

Besides  the  above  circuits  of  generations,  which  probably 
emprise  both   the  pulsatory  Paramecians    proper  (Aurelia) 

*  Pritchard,  etc,  figure  the  planaria-like  form  as  "  adult  Paramecium.-' 
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and  the  Vorticello  Oxy-trichans  (through  the  mediatiotL  of  the 
"  oyster  "  or  "  porte-monnaie-grub  "),  there  occur  firequently 
some  analogous  lorms,  such  as  "Kerona"  and  **Trachelium." 

The  last  form  of  all  to  appear  in  infusions,  etc,  seems  to  be 
the  well-known  Rotifer^  the  aevelopments  whereof  are  perbapfl 
related  to  some  of  those  above  detailed.  It  is,  however,  most 
proba])le,  according  to  the  observations  of  Prof.  L.  Agaasiz 
("Ann.  Nat  Hist'' voL  ii,  1850,  p.  157),  who  saw  forms  resem- 
bling the  undulate-fleeced  (**  Paramecium  Kolpoda''^  crubfl 
bred  from  (lie  eggs  of  "  Planarice,'^*  that  such  are  the  adult  tormB 
{if  adult).  I  have  only  occasionally  met  these  swelled  and 
pear-shaped,  dusky  boclies,  traveling  both  back  and  forward 
with  equal  facility,  and  remarkable  for  the  stag  horn-like  designs 
of  their  entrails;  thereby  evincing  something  like  a  membrane  in 
their  organization,  but  the  organ  being  itself  of  a  sort  of  gland- 
ular structure.  They  are  also  said  to  bisect,  like  the  Oxy- 
tricha.  Some  young  ostensibly  planarian  forms,  larger  than  Par 
amecium  Aurelia,  blackish,  and  shaped  like  a  short,  broad  lano^ 
blade,  which  I  have  seen  "bisecting,"  did  so  only  while  encystid^ 
rotating  in  the  manner  of  mill  stones ;  and  the  escaping  anunals 
had  as  yet  no  trace  of  the  \Hisceral  organization,  as  found  in  the 
adult  Planarice  (and  also  observably  developed  in  Rotifer). 

We  are  therefore  still  in  doubt  as  to  the  true,  ultimate  genus 
and  species,  and  therefore  have  to  suspend  classification;  the 
points  of  interest,  here  submitted,  being  the  important  physiolo- 
gical processes  and  transformations  on  the  one  hand,  and  the 
tallacy  of  foregone  diagnostic  terminology  on  the  other.  The 
description  of  the  genetic  phenomena  of  the  so-called  Fresh 
Water  Algae,  in  their  unbroken  continuity  of  developments^  as 
experimentally  ascertained,  I  reserve  for  a  future  paper. 


Art.  XIII. — Tornadoes  of  die  Southern  States;  by  Hamptox  S. 
Whitfield,  Professor  of  Mathematics  in  the  University  of 
Alabama. 

The  tornado  is  a  storm  which  has  two  distinct  movements, 
tlic  one  i)rogressive  along  the  surface  of  the  earth,  the  other 
gyratory,  like  that  of  a  top  spinning  on  its  axis.  It  whirls  as 
it  g(_>es  :ui(l  its  force  is  so  great  that  no  structure  of  wood,  brick 
or  st(^no  can  stand  bc^fore  it.  p]ven  the  solid  hills  quake  and 
the  ground  treniblcs  benoatli  its  march.  Fortunateh*,  its  track 
in  this  t'ountrv  is  very  narrow.  I  liave  not  yet  found  traces  of 
any  one  cxceedin*::  two  hundred  vards  in  breadth. 

*  Tliis  is  no  doubt  what  nuthorH  figure  and  describe  as  the  ^^  adult  Parameciuai 
Aurelia."  with  its  stag-horn  shnpcd  intestines  and  swelled  bodies.  I  am  also  und^r 
the  imi)rossion  that  it  was  this  form  which  I  had  formerly  trequeutly  observed  in 
what  ajipearod  to  be  spontaneous  coitus. 
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The  gyration  of  the  tornado  is  not  horizontal  but  spirally 
jward,  for  it  not  only  displaces  heavy  bodies,  but  carries  them 
5  to  a  considerable  elevation.  I  have  seen  a  pine  tree,  six- 
en  inches  in  diameter  and  sixly  feet  long,  float  out  from  the 
lack  vortex  of  one,  at  the  height  of  a  quarter  of  a  mile,  and 
il  round,  to  all  appearance,  as  nght  as  a  feather. 

In  May,  1868,  a  very  destructive  tornado  originated  in  the 
ctensive  flats  on  the  Bigbee  river,  south  of  Columbus,  Miss., 
id  crossed  Pickens  and  Tuscaloosa  counties,  Ala.  A  few 
lys  after  its  passage  I  visited  the  wreck  of  a  large,  two-story, 
amed  house  which  had  stood  in  its  way,  twelve  miles  east  of 
olnmbua  The  timbers  were  scattered  for  miles  along  its 
ith,  and  all  the  family,  five  in  number,  were  killed.  Their 
xlies  were  found  at  some  distance  from  the  site  of  the  house, 
le  nearly  a  quarter  of  a  mile  away  on  the  next  hill.  The 
othing  of  the  females  was  stripped  from  their  bodies.  The 
ont  portico  of  the  house  rested  on  a  single  piece  of  pine  six- 
en  inches  square  and  fifty  feet  long.  There  were  no  timbers 
amed  into  it  and  it  was,  therefore,  moved  by  the  force  acting 
ily  on  its  own  surface  It  was  carried  across  the  intervening 
illey  to  the  adjacent  hill,  into  which  it  plunged  end  foremost, 
penmg  a  deep  trench.  Here  it  shivered,  and  leaving  a  short 
agment,  passed  on.  Lying  on  the  ground,  under  the  portico, 
as  a  solid  iron  shaft,  an  inch  and  a  half  in  diameter  and 
eiKhing  sixty  pounds.  It  was  transported  more  than  a  hun- 
rea  yaraa 

To  produce  such  results  required  a  pressure  of  at  least  one 
3iind  to  every  sjquare  inch,  a  force  fearful  to  contemplate  as 
Dfisible  for  the  wind.  Some  idea  can  be  formed  of  it  wnen  we 
iflect  that  this  house,  being  fifty  feet  long  by  twenty-five  in 
ei^ht,  presented  a  front  area  of  one  hundred  and  eighty  thou- 
ind  square  inches,  and  therefore  encountered  a  pressure  of 
inety  ton&  The  velocity  of  the  wind,  necessary  for  such  an 
BTect,  must  have  been  one  hundred  and  sixty  miles  per  hour. 
•et  it  be  taken  for  granted  that  this  velocity  was  at  the  point  of 
reatest  energy  in  the  gyration,  for  it  must  have  a  point  of 
reatest  and  one  of  least  effect  The  point  of  greatest  energy 
r  effect  on  stationarv  objects  is  on  that  side  where  the  direc- 
lon  of  gyration  coincfdes  with  that  of  progression.  Should  the 
thrancmg  speed  of  the  storm  just  equal  the  velocity  of  rotation, 
iien  on  one  side  the  eflRect  would  correspond  with  the  sum  of 
tieae  velocities,  while  on  the  other  it  would  be  entirely  neutral- 
sed ;  for,  on  this  side,  the  wind  would  move  backward  as  fast 
B  the  tornado  would  go  forward. 

It  is  impossible  to  determine  accurately  the  average  speed  of 
ar  tornadoes,  but  careful  observation  and  comparison  have  led 
le  to  fix  upon  forty  miles  per  hour  as  very  near  the  trutL 
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This  must  have  been  about  the  rate  of  one  whose  formation  and 
progress  for  several  miles  I  witnessed,  but  the  spectacle  was  so 
absorbing  that  I  entirely  forgot  to  time  it  by  the  watch.  On 
another  occasion,  in  the  night,  I  listened,  in  company  with 
several  others,  to  the  roar  of  one  passing  at  the  distance  of  two 
miles,  and  we  all  agreed  upon  forty  miles  as  about  its  rate. 

In  May,  1840,  a  part  of  Natchez  was  destroved  by  a  tornado, 
the  most  dreadful  that  has  ever  passed  through  the  Gulf  States 
It  crossed  the  river  at  two  o*clock,  p.  M.,  and  at  9  o'clock  burst 
upon  west  Alabama  in  the  shape  of  a  rain  storm,  pouring  un- 
precedented torrents.  Its  rate  was,  therefore,  about  forty  miles. 
The  Pickens  county  tornado,  if  the  accuracy  of  two  witnesses, 
fifty  miles  apart,  can  be  relied  on,  exceeded  this  rate  a  little. 
For  the  sake  of  analysis  let  forty  miles  be  taken. 

The  progress  of  tornadoes  is  always,  in  the  Southern  States, 
from  a  point  south  of  west  to  a  point  north  of  east,  and,  al- 
though sometimes  varied  by  prevailing  winds,  this  direction  is 
characteristic  and  due,  as  I  shall  show,  to  the  rotation  of  the 
earth  on  its  axis.  The  gyration  is  always  from  right  to  left, 
and  this,  also,  as  is  known,  is  an  effect  of  the  earth's  rotation. 

On  the  south  side  of  the  tornado,  then,  the  greatest  power  is 
exhibited,  for  here  the  gyration  is  forward  or  coincident  with 
the  translation,  while  on  the  north  side  the  gyratory  motion  be- 
ing contrary  to  the  progression,  the  effect  is  least  At  the  front 
and  rear,  where  the  gyration  crosses  the  path,  the  effect  must  be 
the  same. 

Suppose,  then,  that  the  velocity  of  gyration  is  one  hundred 
and  twenty  miles  per  hour.  Add  forty,  the  speed  of  progres- 
sion, to  the  south  side,  and  the  velocity  of  impact,  against 
stationary  objects,  would  be  one  hundred  and  sixty  miles  per 
hour.  Subtract  forty  on  the  north  side  and  it  would  be  eighty. 
Now,  wind  moving  eighty  miles  an  hour  will  not  necessarily 
throw  down  trees  and  wreck  buildings,  but  at  a  speed  of  one 
hundred  and  twenty  or  one  hundred  and  sixty  miles,  it  will  level 
all  obstructions.  The  most  destructive  energy,  then,  is  developed 
in  the  south  semi-circumference  of  the  whirl,  and  the  diameter 
of  the  gyration  must  be,  in  most  cases,  much  greater  than  the 
apparent  path.  The  aspect  of  the  wreck  along  the  path  of 
these  storms  is  in  conformity  with  the  above  analysis  oi  forces 
Where  tliey  traverse  forests,  by  far  the  greater  number  of  trees 
are  thrown  eastward,  and  neai'ly  parallel  to  the  line  of  progres- 
sion some  fall  northward  and  some  southward  but  none  lie 
backward  parallel  to  the  track.  The  framed  house  in  Pickens 
oonntv  stood  in  the  southern  rim  of  frvration  and  all  its  fnur- 
ments,  together  with  its  inmates,  were  carried  eastward. 

One  ot*  the  most  remarkable  accompaniments  of  the  toniaclo 
is  the  black  column  or  sjK^ut,  extending  from  the  cloud  down 
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x>  the  surfaca  It  precisely  resembles  a  column  of  black  smoke, 
juch  as  pours  from  the  pipes  of  a  steamer  burning  pine  wood  ; 
t  is  in  fact  condensed  vapor  or  cloud,  intensified  in  blackness 
3y  the  dust  and  rubbish  carried  up  fh^m  the  ground.  The 
Domado  is  a  shell  or  hollow  cylinder  of  air,  and  all  its  energy 
lies  in  its  rotating  rim  which  is  powerfully  compressed  by  two 
inta^onistic  forces,  centrifugal  and  centripetal.  The  rapid 
wrhirl  draws  the  air  from  the  center  toward  the  circumference 
wrhere  it  is  met  and  opposed  by  the  in-rushing  winds.  There 
a,  consequently,  a  rarefaction,  a  great  redaiction  of  temperature 
\>y  expansion,  and  condensation  of  vapor  within  the  shell 

The  spout  does  not  hug  the  earth  continuously,  but  rebounds 
>r  ricochets  along  the  uneven  surface,  often  skipping  the  valleys 
but  generally  desolating  the  hills.  It  is  disposed,  however,  at 
3very  recurrence  to  strike  at  the  same  points.  It  is  not  an 
sstablished  fact,  but  it  is  commonly  believed,  and  with  some  rea- 
son, that  the  tornado  does,  in  the  course  of  years,  return  along  its 
beaten  path,  and  that  it  is  unsafe  to  build  where  one  has  ever 
passed.  The  house  in  Pickens  county  stood  on  a  hill  fix)m 
which  a  log  cabin  had  been  blown  away  some  thirty  years  be- 
fore. I  witnessed  the  last  of  three,  which  have  passed  along 
the  same  track.  Near  Hernando,  Miss.,  three  have  followed  an 
unvarying  lina  It  is  probable  that  there  are  some  localities 
more  favorable  than  others  to  the  generation  of  these  storms, 
and  if  this  is  true,  then  the  law  of  direction,  hereafter  explained, 
accounts  for  their  progress  along  the  indicated  path. 

Such  an  opportunity,  as  fell  to  my  lot,  oi  witnessing  the 
formation  and  course  of  a  tornado  is  rarely  enjoyed,  and  the 
phenomena  observed  on  that  occasion  are  of  great  value  in 
illustrating  the  origin  of  these  whii*l winds.  On  the  29th  of  April, 
1867,  at  10  o'clock  A.  M.,  I  was  approaching  Tuscaloosa,  on  the 
Elyton  road,  the  general  direction  being  east  and  west  The 
weather  was  hot  and  oppressive,  while  a  perfect  calm  prevailed 
both  at  the  surface  and  in  the  upper  regions,  for  the  leaves 
were  not  stirred  upon  the  trees  and  the  heavens  were  covered 
with  fragmentary  clouds,  perfectly  at  rest  Occasional  large 
drops  o^  rain  fell,  and  there  was,  now  and  then,  lightning. 
The  atmosphere  was  evidently  surcharged  with  vapor  and  in  a 
condition  of  great  electrical  excitement  At  the  distance  of 
three  and  a  half  miles  from  town,  an  elevated  ridge,  over  which 
the  road  passed,  afforded  an  extended  view,  and  I  saw  a  mass 
of  black  cloud,  detached  and  hanging  over  the  western  horizon. 
It  appeared  nearly  circular  in  shape  with  the  exception  of  a 
slight  angular  projection,  like  an  inverted  cone,  at  its  lower 
edge.    I  afterwards  ascertained  that  it  was  at  this  time  about 

five  miles  distant  from  me,  and  a  calculation,  based  upon  the 

estimated  angles,  fixed  the  elevation  of  its  base  above  the  sur- 
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face  at  about  fifteen  hundred  yards,  and  its  diameter,  consider 
ing  it  a  sphere,  at  about  six  hundred.  It  was  entirely  at  rest 
The  first  view  of  this  cloud  suggested  to  me  the  possibility 
of  a  tornado,  and  I  watched  it  closely  as  I  drove  along  in  my 
buggy.  While  I  was  driving,  leisurely,  more  than  a  quarter  of 
a  mile,  it  maintained  its  position  and'  outline  unchanged.  At 
length  a  farm  house  with  its  shade  trees  intercepted  the  view 
for  about  a  minute,  and  when  I  came  a^in  in  sight  of  it,  the 

Projection  beneath  the  cloud  appeared  m  violent  commotioD. 
'here  was  now  no  longer  any  doubt  of  the  character  of  the 
phenomenon  about  to  be  exhibited,  and  satisfied,  from  a  knowl- 
edge of  the  general  direction  of  tornadoes,  that  it  must  come 
near  me,  I  leaped  from  the  buggy  and  released  the  horse  as 
quickly  as  possible,  in  order  to  give  him  a  chance  for  his  life. 
This  did  not  occupy  more  than  a  half  a  minute,  and  when  I 
turned  to  look  again,  the  black  column  was  formed,  reaching 
from  the  cloud  to  the  ground.  A  few  moments  showed  that  it 
was  rapidly  approaching.  I  remember  noticing  small  frag- 
ments of  clouQ  moving  toward  it  from  the  north,  but  there 
was  no  perceptible  breeze  where  I  stood.  When  about  a  mile 
distant  1  saw  that  it  would  go  south  of  me,  and  at  this  time  I 
first  observed  the  surface  drift,  which  appeared  like  an  innum- 
erable flock  of  birds,  flying  around  the  summit  of  the  column, 
and  here,  too,  the  pine  tree  spoken  of  emerged  from  the  vortex, 
and  settled  slowly  to  the  eartL  The  column  was  now  much 
shorter  than  when  first  formed  ;  the  cloud  had  descended  much 
nearer  the  surface.  It  passed  about  three  hundred  yards  south 
of  mv  position  and  at  tnis  point  the  first  electric  discharc^e  took 
place:  The  lightning  zigzagged  down  the  column,  ^ding 
through  it  a  lurid  glare.  The  roar  was  deep-toned  and  power- 
ful. The  gyratory  motion  was  distinctly  visible.  When  a  little 
further  on,  it  became  so  enveloped  in  clouds  as  to  be  no  longer 
distinguishable,  but  I  knew,  oy  the  now  frequent  peals  of 
thunder,  that  it  was  increasing  in  violence  ana  levelling  all 
things  in  its  path. 

This  tomaao  was  formed  about  a  mile  and  a  half  southwest 
of  Tuscaloosa,  over  an  extensive  marshy  flat,  where  an  observe 
characterized  it  as  a  "big  whirlwind"  It  was  not  destructive 
at  first  but  grew  in  energy  as  it  progressed,  and  two  miles  from 
its  starting  point,  threw  down  a  dilapidated  building.  About 
six  miles  from  Tuscaloosa  it  struck  a  log  cabin  in  which  were 
sitting  a  woman  and  several  children.  Every  log  above  the 
floor  was  carried  away,  while  the  occupants  were  left  uninjured 
Twelve  miles  further  on  it  performed  a  similar  feat,  taking  off 
every  log  of  a  house  without  the  slightest  hurt  to  any  of  the 
family,  all  of  them  having  taken  refuge  within  on  its  approach. 
This  is  remarkable,  but  there  are  otlier  like  instances  well  au- 
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benticated,  and  it  is  commonly  believed  that  a  log  house  is  the 
ifest  retreat  The  direction  of  this  tornado  was  east  by  20 
egrees  north.  After  its  passage  the  air  was  cool  and  pleasant, 
nd,  at  4  o'clock  in  the  afternoon,  heavy  rain  came  irom  the 
orth,  followed,  for  the  next  few  days,  by  clear  weather  with 
orthwest  winds. 

The  most  remarkable  fact,  disclosed  by  the  phenomena  of 
fciis  storm,  is  the  inherent  power  of  progression  which  it  un- 
uestionably  possessed.  After  the  gyration  was  established  it 
egan  at  once  to  travel  eastward,  not  driven  by  any  wind,  bnt 
loughing  its  own  way  through  the  tranquil  atmosphere  with 
rranendous  speed  Here  is  presented  a  problem,  which,  so  far 
s  I  know,  has  not  heretofore  been  propounded.  Its  solution 
\  important  to  the  science  of  meteorology.  The  fact  that  tor- 
adoes  invariably  move  from  the  southwest  to  the  northeast  is 
rell  established,  as  also  the  fact  that,  by  an  impulse  acquired 
rom  the  earth's  rotation  on  its  axis,  they  gyrate  from  north  bv 
rest  to  south.  This  backward  gyration  is  thus  explained :  All 
parallels  of  latitude  decrease  in  diameter,  and  therefore  in  cir- 
umference,  as  we  go  toward  the  poles  of  the  earth.  As  they 
11  revglve  in  twenty-four  hours,  it  follows  that  every  one,  ap- 
iroaching  the  pole  on  either  side  of  the  equator,  moves  around 
lore  slowly  than  the  one  precedmg  it  Therefore,  a  current 
loving  southward,  to  the  vortex  of  a  tornado  in  the  northern 
emisphere,  finds  that  vortex  rotating  eastward  with  a  superior 
elocity,  and  is  left  behind,  or,  projected  to  the  west,  while,  for 
lie  same  reason,  a  current  blowing  northward  to  the  vortex, 
nds  it  rotating  with  inferior  velocity,  and,  preserving  its  own 
Easterly  momentum,  is  hurled  forward  or  projected  to  the  east 
^hus  the  south  half  of  the  rim  being  impelled  eastward,  and 
lie  north  half  westward,  the  backward  or  left-handed  gyration 
\  fixed  and  maintained.  Just  the  reverse  is  true  in  the  southern 
emisphere  of  the  earth,  while  on  the  equator  the  gyration 
rould  be  free  to  take  either  direction 

Espy  denied  the  whirl  of  tornadoes,  while  Eedfield,  another 
minent  writer  on  the  subject,  maintained  it  The  question 
as,  I  believe,  long  been  settled  in  favor  of  the  latter, 

I  now  propose  to  show,  also,  that  the  translation  of  tornadoes 
nom  west  to  east  is  effected  by  the  earth's  rotation  on  its  axis. 
Jut,  as  this  proposition  is  in  conflict  with  the  theory  of  cause 
ind  formation,  as  enunciated  by  Espy,  and  supported  by  the 
dgher  authority  of  Loomis,  it  will  be  better  to  state  briefly 
iihat  theory. 

"  Storms,"  says  Loomis,  including  tornadoes,  "  are  caused  by 
a  strong  and  extensive  upward  motion  of  the  air,  by  which 
means  its  vapor  is  condensed  by  the  cold  of  elevation."  To 
epitomize  his  language,  the  ravs  of  the  sun  heat  the  surface  of 
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the  earth  without  heating,  except  slightly,  the  atmosphere 
tlirough  which  they  pass.  The  surface  warms  the  air  near  it, 
while,  at  the  same  time,  radiation  more  easily  takes  place  fix)m 
the  superior  strata,  thus  reducing  the  temperature  of  the  upper 
regions.  Since  air  expands  and  grows  lignter  with  increase  of 
t^mpemture,  and  contracts  and  becomes  heavier  fix>m  diminished 
heat,  it  follows  that,  under  this  influence,  **  the  atmosphere  is 
in  a  state  of  unstable  equilibrium,  and  the  lamer  strata  tend  cm- 
tinuaJhj  to  rise  and  taJce  the  place  of  the  upj>ery  The  ascending 
air,  coming  under  diminished  pressure,  expands,  and  therefore 
cools.  At  a  variable  height,  depending  on  the  dew  point,  or  the 
quantity  of  vaix)r,  the  cooling  causes  condensation  or  cloud. 
Condensation  of  vapor  sets  free  latent  heat  This  liberated 
heat  warms  the  surrounding  air  and  causes  it  to  ascend  higher. 
Another  expansion  takes  place,  followed  by  another  cooling, 
another  condensation,  and  another  liberation  of  latent  heat  and 
so  on  indefinitely,  or  until  all  the  vapor  held  in  suspension  is 
disposed  of  Thus  dense  clouds  of  great  depth  are  formed,  and 
rain,  hail  or  snow,  two,  or  all,  result  The  ascending  column 
is  continually  fed  by  surface  currents  converging  to  tJhe  center, 
and  the  violence  of  the  storm  is  in  proportion,  as  Espy  says,  to 
the  "  steam  power "  of  the  air ;  that  is,  the  amount  of  vapor 
suspended  in  it 

Olmsted,  in  a  lecture  on  Espy's  theory,  has,  I  think,  shown 
that  this  process  of  alternate  cooling  and  heating  is  impossible. 
The  truth  is,  that  the  liberation  of  latent  heat  simply  serves  to 
retard  the  too  rapid  condensation,  and  without  this  check  the 
violence  of  storms  thus  produced  would  be  tenfold  greater. 

There  can  be  no  question  that  rain  is  caused  in  this  way. 
The  ])iled-up  clouds,  called  cumuli,  so  common  in  summer,  are 
produced  by  ascending  currents,  and  from  them  result  ordinary 
summer  showers,  but  there  is  a  vast  difference  between  the 
summer  shower  and  the  tornado  ;  so  great,  in  fact,  that  we  are 
compelled  to  attribute  them  to  entirely  different  modes  of  gene- 
ration. 

In  quoting  Loomis,  I  have  italicized  one  sentenca  Owing 
to  the  **  unstable  equilibrium,"  caused  by  siirface  heat  and  radi- 
ation above,  he  says :  "  The  loicer  strata  tend  continually  to  rise 
and  (air  the  place  of  the  upper.''  Here  he  has  stated  the  effect 
for  tlie  cause.  The  fact  is,  tliat  the  upper  strata  tend  continnalU 
t/>  descf/nd  aud  take  the  place  of  the  lotver. 

Es])v,  eiideavonnfr  to  estnhlisli  a  favorite  theorv,  makes  the 
quite  untenable  assertion  ''that-the  air  of  the  upper  regions  i? 
specilieally  liotter  than  the  air  at  the  surface ;"  whicli  moaris, 
it*  it  means  any  tinner,  that  a  ])ound  of  air  in  the  upper  regions 
eontains  absolutely  more  lieat  at  a  given  temperature,  than  a 
pound  at  the  surface.  All  this  belongs  to  a  philosophy  wliicli 
has  been  long  since  exploded ;  and  in  fact,  every  sound  philoso- 
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ber  must  at  once  perceive  that,  under  such  conditions,  no  cur- 
jnts  could  either  ascend  or  descend  ;  the  "  specifically  "  hotter, 
id  therefore  lighter  air,  at  the  top,  could  not  possibly  come 
own,  because  it  would  become  sensibly  hotter,  and  therefore 
ghter  than  the  air  below ;  and  the  "  specifically  "  colder  air  at 
le  surfiice  could  never  rise,  for  a  corresponding  reason.  An 
unstable  equilibrium  "  could  not  exist  My  prescribed  limits 
)rbid  a  more  elaborate  discussion  of  this  point. 

If  an  "  unstable  equilibrium  "  exist,  the  upper  strata  will 
md  to  sink,  and  a  descending  current  must  necessarily  produce 
n  ascending  current  Again,  the  "  unstable  equilibrium  "  re- 
uires  that  the  air  from  the  upper  regions,  when  it  reaches  the 
irface,  should,  notwithstanding  its  compression,  be  colder  than 
16  surfece  air,  or  else  it  could  not  undermine  and  force  it  up. 

This  descending  current  may  be  a  contracted  column,  pounng 
own  rapidly,  or  it  may  be  the  entire  body  of  the  atmosphere  set- 
ing  slowly  over  a  wiae  area.  The  latter  process  goes  on  where 
lere  is  any  local  cause  of  heat,  as  in  the  case  of  fires,  and  the 
xpanded  column  is  pushed  up  by  the  surrounding  air  pressing 
pen  its  base.  The  former  taxes  place,  under  favorable  circum- 
:ances,  when  a  great  expanse  of  air  is  heated  up  uniformljr  at 
le  surface.  Here  the  descending  stream  is  a  rapid  spouting 
Jumn,  and  the  ascending  one  a  slow  compulsory  uprising  of 
le  whole  body  of  surrounding  air.  In  this  case,  if  the  tem- 
erature  of  the  falling  air  is  below  the  dew  point  of  the  lower 
Tata,  condensation  takes  place  and  cloud  is  formed.  If  the 
ifFerence  is  vqry  great  the  down -moving  current  will  be  very 
Dwerful,  and  the  centrifugal  force  resulting  from  its  gyration 
ill  generate  an  immense  vacuum  or  vortex,  into  which  the  air 
om  beneath  will  rush  violently,  forming  a  secondary  vortex, 
hich  is  the  spout  of  the  tomaSo.  Should  the  ascending  cur- 
jnt  fail  to  concentrate  into  a  spout,  the  storm  is  known  simply 
J  a  hail-storm.  These  differently  named  movements  have  a 
milar  origin,  and  present  similar  phenomena.  Nearly  every 
>mado  exhibits  hail,  and  nearly  every  hail-storm,  at  times,  a 
X)ut  At  a  considerable  elevation  the  descending  column, 
afore  it  is  compressed  to  any  great  extent,  is  icy  cold,  and,  by 
cpansion  in  the  vortex,  its  temperature  is  reduced  ten  fold,  so 
lat  the  vapor  of  the  air  rushing  in  from  below  is  instantane- 
ady  frozen. 

Tne  tornado  is,  then,  a  tremendous  maelstrom  in  the  atmos- 
here.  Its  vortex,  extending  possibly  to  the  utmost  limits  of 
lie  air,  and  widening  out  at  the  top,  involves  a  vast  extent  of 
he  upper  strata  in  its  commotion,  often  giving  raise  to  rain 
torms  and  secondary  tornadoes  many  leagues  distant  from  its 
[»tli.  Its  prodigious  force  is  due  to  the  concentrated  momen- 
tum of  all  the  currents  moving  to  the  common  center ;  is  the 
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sum  of  the  forces  of  all  the  centripetal  streams  set  free  in  a 
contracted  area. 

It  is  a  well-established  fact  that  tornadoes  are  translated  from 
west  to  east  It  is  also  admitted  that  they  are  generated  in  a 
calm  atmosphere.  It  is,  therefore,  surprising  that  Espy  and 
other  advocates  of  the  "  ascending  column  "  theory,  aid  not 
perceive  that  their  storms  must,  unavoidably,  be  translated  in 
the  opposite  direction,  or  from  east  to  west  As  the  earth 
rotates  to  the  east,  carrying  the  atmosphere  along,  it  follows 
that  the  greater  the  elevation  or  distance  from  the  axis,  the 
greater  must  be  the  velocity  eastward.  Hence,  an  ascendii^ 
column,  penetrating  the  upj^er  and  more  rapid  strata,  is  left 
behind  or  projected  to  the  west  Overlooking  this  principle, 
however,  they  assign  as  the  cause  of  the  direction  of  tomadoeB 
an  elevated  and  constant  eastward  wind,  maintaining  that  it 
seizes  the  top  of  the  tornado  and  drags  it  as  a  ship  drags  its 
anchor.  But  there  is  no  cohesion  in  seriform  columns,  as  in 
cables,  and  it  is,  therefore,  impossible  for  a  force  applied  at  the 
summit  to  pull  the  base  alone.  Espy  contradicts  his  own 
theory  frequently  by  asserting  tnat  the  tops  of  rising  columns, 
forming  cumuli,  are  "  shaved  off "  by  upper  currents.  It  is 
very  evident  that  if  a  strong  wind  from  the  southwest  should 
be  blowing  at  a  great  elevation  while  a  tornado,  formed  accord- 
ing to  Espy*s  theory,  is  raging  in  an  underlying  calm,  the 
earth's  rotation  would  carry  the  storm  westward,  notwith- 
standing the  contrarj'  wind  above,  for  this  would  simply 
**  shave  the  top "'  and  bear  it  off,  while  the  storm  went  on  the 
opposite  course. 

There  is  but  one  way  in  which  an  elevated  current  can  affect 
the  direction  of  a  tornado,  and  that  is  hy  descending  into  its  vortex. 
In  this  mannner  only  can  it  communicate  its  own  momentum 
and  control  the  path,  and  in  this  manner  it  often  does  produce 
a  great  variation  from  the  normal  line.  Neighboring  winds, 
bordering  the  calm  in  which  the  storm  originates,  may  also,  in 
a  way  easily  explained,  cause  a  deflection. 

It  has  been  shown  that  a  column  of  air  ascending  in  a  calm 
must  be  deflected  to  the  west  by  the  earth's  rotation.  For  the 
same  reason  one  descending  must  be  impelled  eastward.  Tor- 
nadoes always  ti-avel  from  west  to  east  in  obedience  to  this  law. 

The  procjess  uf  formntion  is  now  easily  comprehended.  In 
an  atmosphere  supersiitu rated  and  unduly  heated  at  the  surface^ 
let  a  ealni  jnwail  over  many  miles  of  territory.  The  equili- 
l)riiiin  is  jK)wer(ully  disturbed.  A  ^^reiit  volume  of  elevated 
air  begins  to  settle  down,  foreing  up  the  lower  strata.  In  de- 
scending it  meets  and  mingles  with  tlie  warm,  moist  air  beneath. 
forming  cloud.  Whatever  latent  heat  may  be  evolved  by  con- 
densation is  at  (>uee  reabsorbed  bv  aeeessions  of  cold  air  from 
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above.     The  descending  stream,  fed  by  oblique  tributaries  from 
all  points  of  the  compass,  begins  to  gyrate.     From  centrifugal 
force  result  rarefaction,  cooling,  and  forther  condensation.     The 
center  of  the  vortex  is  a  partial  vacuum,  and  from  below  a 
column  is  drawn  up  into  it     This  ascending  column  also  takes 
on  gyration,  and  the  tornado  spout  is  created.     But  this  spout, 
the  effect  of  which  is  so  terrific,  is  nevertheless  secondary  and 
incomparable  to  the  tremendous  commotion  of  the  great  whirl 
above.     The  two  columns  meeting,  vast  volumes  of  air  are 
thrown  off  by  centrifugal  force  in  all  directions,  and  the  cloud 
expands  and  enlarges  with  amazing  rapidity.     This  expansion 
is  often  mistaken  lor  the  progression  of  the  storm  ;  the  cloud 
appearing  to  approach  one  observer  from  the  northwest,  perhaps, 
while  another  sees  it  rolling  up  from  the  south.     In  the  mean- 
time the  descending  stream  has  pressed  the  cloud  down  upon 
the  surface,  where  it  envelopes  everything  along  its  path  in  al- 
most total  darkness.     At  length  the  superior  vortex  becomes  so 
great  in  diameter  that  the  spout  is  disrupted  or  so  diffused  as 
no  longer  to  exhibit  the  concentrated  power  of  the  tornado. 
The  whirl  becomes  co-extensive  with  the  overhanging  cloud, 
and  the  meteor  is  now  a  rain  or  hail  storm  of  tremendous  vio- 
lence.    The  tornado  of  April,  1867,  near  Tuscaloosa,  raged  as 
such  for  about  thirty  miles,  when  it  lost  its  distinctive  feature, 
the  spout,  and  poured  such  torrents  as  to  cause  a  great  freshet 
in  the  Warrior  river.     It  has  already  been   stated   that  the 
Natchez  tornado  expended  itself  in  a  tremendous  rainfall,  and 
this  is  the  termination  of  all  these  storms.     They  are  of  varia- 
ble duration  and  extent,  continuing  until  the  equilibrium  of 
the  atmosphere  is  restored 

Loomis  has   explained,  but   not   to  entire  satisfaction,  the 
cause  of  the  northward  inclination  of  tornadoes.     He  rightly 
ascribes  it,  however,  to  the  decreasing  diameters  of  the  succes- 
sive parallels  of  latitude.     If  a  tornado  should  form  on  a  par- 
allel of  45  degrees,  its  vertical  axis  would  make  an  angle  ol  46 
degrees  with  the  earth^s  axis  of  rotation.     It  follows,  then,  as 
would  readily  appear  from  a  diagram,  that  the  currents  descend- 
ing obliquely  to  the  vortex  on  tne  south  side,  would  approach 
the  earth  in  a  direction  more  nearly  perpendicular  to  its  axis 
than  would  those  descending  on  the  north  side,  for  the  latter 
would  be  more  nearly  parallel  to  the  earth^s  axis.     Then,  by 
reason  of  the  earth^s  rotation,  the  eastward  impulse  of  these 
southern  currents  would  be  greater  than  the  westward  impulse 
of  the  northern  currents.     The  deflection  of  the  former  would 
he  greater  than  that  of  the  latter,  and,  consequently,  velocities 
corresponding,  there  would  result  a  greater  centrifugal  tendency 
on  the  northeast  than  on  the  southwest  of  the  vortex ;  and  the 
effect  increases  with  the  latituda 
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This  will  plainly  appear  from  a  diagram.  Let  a  cirde  be  de- 
scribed representing  the  rim  of  a  tornado.  Then  let  two  lines 
be  drawn,  one  representing  the  resultant  of  the  forces  of  the 
southern  currents,  and  the  other  the  resultant  of  the  forces  of 
the  northern  currents,  each  deflected  as  it  approaches  the  vort^ 
but  the  former  more  than  the  latter.  Each  will  maintain  its 
influence,  from  its  point  of  contact,  around  to  the  ix>int  where 
the  other  impinges,  and  that  from  the  south,  having  the  greater 
impulse,  and,  acting  on  the  northeast  semi-circumference  of  the 
rirn,  will  press  the  storm  northward. 

The  process  of  hail-formation  takes  place  in  the  CTeat  vortex 
above  tlie  base  of  the  cloud,  probably  at  considerable  elevation 
There  the  gyration,  not  impeded  as  it  is  at  the  surface,  presents 
a  vast  and  rapid  whirl,  the  centrifugal  force  of  which  causes 
extreme  rarefaction,  accompanied  with  intense  cold  at  the 
center.  The  saturated  air  carried  up  into  it  from  below,  by  the 
spout,  furnishes  the  material  for  hail.  Congelation  follows  in- 
stantly upon  condensation,  and  the  stones,  tossed  about  in  eveiy 
direction,  are  finallv  thrown  out  upon  the  circumference,  where 
they  are  free  to  fall. 

Electricity,  which  has  been  supposed  to  play  an  important 
part  in  the  generation  of  tornadoes  and  hail  storms,  is  out  an 
effect  It  is  excited  and  set  free  by  the  condensation  of  vapor, 
and  is  developed  in  proportion  to  the  amount  and  rapidity  of 
cloud -formation.  In  the  Tuscaloosa  tornado  the  gyration  W 
fanned  and  travelled  three-and-a-half  miles  when  the  first  flash 
occurred. 

The  tornado  may  be  looked  for  in  the  winter  and  spring 
months,  during  the  prevalence  of  southern  winds.  As  stated 
above,  a  descending  column  requires,  as  a  prerequisite,  a  sur- 
face stratum  uniformly  heated  over  a  wide  extent  As  the  sun 
advances  north,  after  the  winter  solstice,  the  south  winds  that 
reach  us  blow  from  low  latitudes  on  the  Gulf  They  have 
theri,  not  only  abundant  moisture,  but  a  temperature  higher 
than  is  due,  at  any  time  before  June,  to  the  effect  of  the  solar 
rays  in  our  own  latitude,  and  therefore  answer  the  necessary 
condition  of  a  stratum  heated  uniformly  over  a  large  area. 
Our  tornadoes  consequently  do  not  grow  out  of  the  heat  ravs 
that  j^enetrate  our  latitude,  but  rather  from  the  heat  of  the 
tr()j)ics,  transported  hither  in  the  winds ;  and  this  is  the  reason 
of  tlieir  appearance  either  iu  the  daytime  or  night.  We  never 
witness  them  in  the  hot  suininer,  because  then  the  lower  atmos- 
pi  lore  is  warmed  by  direct  rays,  and  a  uniform  temperature, 
over  a  wide  extent,  is  imj)08sil)le,  from  the  fact  that  the  cleared 
lands  and  forests,  hills  and  valleys,  are  heated  unequally,  giv- 
ing rise  to  ascending  columns  and  moderate  storms.  If  the 
theory  of  Espy  were  true,  then  July,  August,  and  September 
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would  be  the  tornado  season  with  us,  for  in  these  months  moist 
south  winds  blow,  and  the  sun's  rays  are  most  powerful. 

The  cause  of  the  greater  violence  of  storms  produced  by 
descending  air  is  not  difficult  to  comprehend.  When  a  down- 
ward column  becomes  well  defined,  it  is  fed,  as  before  suggested, 
by  tributaries  flowing  obliquely  down  from  all  sides.  The  very 
top  of  the  atmosphere  sinks  freely  into  the  stream.  The  case 
is  precisely  that  of  a  heavy  body  descending  an  inclined  plane  ; 
but  the  heavy  body  is  here  a  great  ocean  of  air  superimposed 
upon  another  abnormally  elevated  in  temperature,  and  there- 
fore abnormally  rarefied  The  tornado  is  a  process  by  which  the 
one  seeks  to  settle  beneath  the  other,  and  is  not  unlike  what 
would  occur  should  an  opening  be  made  through  the  bottom  of 
some  great  reservoir  of  water. 

On  the  other  hand,  when  the  transposition  begins  in  conse- 
quence of  the  movement  of  a  definite  column,  ascending  from 
oelow,  the  earth's  surface  presents  a  limit,  and  the  tributaries 
cannot,  as  in  the  other  case,  flow  obliquely  in  straight  lines 
without  leaving  a  vacuum  beneath,  and  that  is  impossible. 
They  must,  therefore,  though  ever  seeking  to  mount  upward, 
still  trail  along  the  surface  until  they  converge  at  the  center. 
An  impediment  of  this  nature  would  find  adjustment  in  many 
uprising  columns  of  limited  power,  capped  with  cumuli  and 
resulting  in  showers,  but  no  one  vast,  absorbing  vortex,  could 
monopolize  the  whole  movement,  and  shake  the  firmament 
with  its  might 

The  eflFects  of  the  tornado  are  often,  to  all  appearance,  very 
anomalous  and  extraordinary.  It  strips  the  feathers  entirely 
from  fowls  when  the  gust  strikes  them  from  behind.  In  a  row 
of  buildings  in  a  line  with  its  direction,  it  may  throw  down  the 
middle  one,  and  leave  the  others  standing.  This  is  possible 
when  they  are  located  on  the  central  line  of  progression,  for 
then  the  blow  is  delivered  by  the  front  and  rear  of  the  rim, 
gyrating  at  a  right  angle  with  the  row,  and  every  house  must 
stand  or  fall,  according  \o  its  own  power  of  resistance.  Or,  if 
a  firmly-built  house  withstand  the  outward  shock,  it  may  yield 
to  the  elastic  force  of  its  inclosed  air,  expanding,  as  it  must, 
with  a  sudden  and  powerful  efiect,  that  instant  the  vortex, 
which  is  a  partial  vacuum,  passes  over  it. 

Again,  pointed  pieces  of  wood  or  iron  pierce  or  penetrate 
wherever  they  strike  end-foremost,  and  pebbles  are  imbedded  in 
soft  wood  by  the  force  of  the  blast  This  is  not  so  remarkable 
when  we  reflect  that  the  velocity  of  gyration  is  three  hundred 
feet  a  second — and  it  may  go  far  beyond  that — which  is  greater 
than  the  speed  of  an  arrow  shot  from  a  bow.  On  the  track  of 
the  Pickens  county  tornado  a  rafter  of  a  house  was  found  driven 
through  a  pine  tree. 
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The  whirling  sand  storms  of  the  desert  are  probably  torna- 
does without  the  accompaniiDent  of  clouds  with  thunder  and 
lightning.  The  great  desert  of  A&ica  presents  an  uninter- 
rupted surface  of  sand  to  the  sun'e  rays.  The  lower  strata  over 
its  broad  expanse  are  heated  uniformly,  and  this  first  requisite 
is  answered.  But  the  dryness  of  the  air  fixes  the  dew  point  at 
an  extremely  low  d^ee,  and  there  can  consequently  be  no 
oondensation  or  cloud!  Yet  the  vortices  may  form  as  in  other 
localities,  and  vast  quantities  of  sand  take  the  place  of  cloud. 

My  information  is  too  limited,  however,  to  justify  any  poa- 
live  theory  in  regard  to  these  desert  storms.  I  merely  conjec- 
ture that  they  are  formed  like  the  tormtdoes  of  our  States,  bat 
that,  unlike  them,  they  are  generated  from  direct  heat  rays 
absorbed  by  the  suriaces  immediately  under  them,  and  therfr 
fore  appear  generally  in  the  daytime,  and  in  thesummer  months, 
aa  well  as  at  any  other  period. 


Abt.  XTV, — Prdiminary  Notice  of  New  North  Americati  PhyV 
lopoda;  by  A.  S.  Packard,  Jr.,  M.D. 

The  following  brief  descriptions  are  extracted  from  a  mono- 
graphical  notice  of  our  Phytlopod  Crustacea,  which,  with  the 
exception  of  the  Branchipodidte,  ao  thoroughly  investigated  by 
Prof  Verrill,  have  been  sadly  neglected.  It  will  be  noticed 
that  North  America  is  rich  in  the  species  of  Apus,  more  so  than 
any  other  quarter  of  the  globe  ao  far  as  yet  known.  It  is  a 
little  singular  that  no  species  has  yet  occurred  east  of  the  Mis- 
sissippi liver.  The  species  of  Limnadiadie  are  probably  more 
abundant  than  naturalists  are  aware  of,  and  the  attention  of  col- 
lectors of  shells  is  called  to  these  Cyclas-like  shelled  Cruelacea, 
whose  shells  may  not  infrequently  be  mistaken  and  passed  by 
as  simply  species  of  Cyclas.  For  the  privilege  of  studying  the 
species  of  Apus  I  am  indebted  to  Dr.  William  Stimpson,  who 
lias  loaned  me  the  specimens  placed  on  deposit  in  the  Chicago 
Academy  of  Sciences  by  the  Smithsonian  Institution,  and  to 
Pro£  A.  E.  Verrill,  who  "has  contributed  the  specimens  in  Uie 
Yale  Museum ;  while  the  Museum  of  Comparative  Zoology  at 
Cambridge  has  contributed  a  new  Apus  from  northern  India, 
and  for  the  Limnadiads  my  acknowledgments  are  due  to  Mr, 
G-.  W.  Belfrage,  an  industrious  collector,  and  Prof.  E.  S.  Morse, 
who  have  given  several  species  to  the  Peabody  Academy  of 
Science. 

The  known  species  of  Apua  may  be  for  convenience  divided 
into  three  sections,  characterized  m  part  by  the  length  of  the 
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shield,  or  carapace,  the  highest  forms  having  the  shortest  cara- 
pace, those  with  the  longest  shields,  as  the  European  Apus 
carurtformis,  approximating  in  this  and  other  characters  to  the 
genus  Lepidurus. 

Section  a  comprises  Apiis  longicaudatus,  Lucasanus,  Newberryij 
and  probably  Domingensis. 

Section  b  comprises  Aptis  ceqtuilis,  and  Guildingii 
Section  c  comprises  A,  cancrifcfrmis  and  Himalayantis, 

Apus  Umgtcaudatus  Leconte,  Ann.  N.  Y.  Lyceum. 

Pro£  Dana's  type  specimen,  which  is  now  very  imperfect,  was 
labelled  "Eocky  Mountains,  near  Long's  Peak."  Four  speci- 
mens from  "  Texas,  J.  H.  Clark,  No.  8."  Three  specimens  from 
"pools  near  Yellowstone  river.  Dr.  Hayden,  No.  6."  Mus. 
Cnicago  Acad  Both  sexes  occurred,  the  females  having  eggs. 
James  s  A.  obtusaius  (Long's  Expedition)  is  probably  this  species. 
A  NumidictJbs  Lucas,  from  Algeria,  in  the  forin  of  the  carapace 
seems  to  be  allied  to  A.  longicaudatus. 

Apus  LucasanuSj  n.  sp. —  6  closely  allied  to  A.  hngicavdaius. 
The  fix)ntal  doublure  rather  longer  than  in  UmgicaudcUus^  and 
hjpostoma  a  little  smaller.  Maxillipeds  shorter  and  smaller, 
ana  telson  longer  than  in  the  preceding  species,  with  three 
median  spines  above.     Anal  stylets  less  spiny. 

No.  of  segments  behind  posterior  edge  of  shield  88;  no. 
behind  the  last  pair  of  gills  (including  telson)  18 ;  length  of 
body  (excluding  caudal  stylets)  '94;  of  carapace  along  the 
middle  *37 ;  toUd  length  of  carapace  *48 ;  length  of  tergal  carina 
•24;  distance  from  anterior  end  of  carina  to  front  edge  of  cara- 
pace 'lO ;  length  of  caudal  stylets  '57 ;  being  a  little  over  half 
the  length  of  body ;  breadth  of  shield  '40  inch. 

Six  specimens  m  a  bottle  labelled  "  E^nsas,  No.  6,"  and  con- 
taining thirteen  9  A.  aequalis,  Mu&  Chicago  Acad.  They  can- 
not be  distinguished  from  St  Lucas  specimens. 

9,  carapace  longer  than  in  6,  and  caudal  stylets  not  so 
heavily  spined.  No.  of  segments  behind  posterior  edge  of 
shield  29 ;  no.  behind  last  pair  of  feet  11 ;  length  of  body  '80 ; 
^  of  carapace  along  the  middle  '80 ;  total  length  of  carapace,  '40; 
,  length  of  tergal  carina  "25 ;  distance  from  fix)nt  end  of  carina  to 
front  edge  of  carapace  *16  (stylet  broken) ;  diameter  of  egg-sacs 
-09  inch. 

One  specimen  from  "Cape  St  Lucas,  John  Xanthus,  No.  4." 
Mus.  Chicago  Acad. 

Apus  Newberryi,  n.  sp.  9 . — This  fine  species  differs  chiefly 
fr(mi  A.  longicaudatus  in  the  shorter  maxillipeds,  and  much 
longer,  smooth  telson  with  8  instead  of  4  median  spines,  and  in 
the  smooth,  finely  spinulated  caudal  stylets,  while  the  carapace 
is  longer.  No.  of  segments  behind  posterior  edge  of  carapace 
29;    no.  beyond  last  pair  of  feet  11;  length  of  body  1*78  ;  of 
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carapace  alone  tlw  middle  -TS;  total  UogA,  I'M;  length  of  t«> 
gal  carina,  -50;  diatuioe  frcmi  ftont  eod  to  fiont  «dgQ  of  cai»- 
pace  '80;  length  of  oaodftl  ftylets,  1*06  inch. 

Two  apccimens  ftom  "Uteh,  J.  S.  "Sewherrj,  Na  L"  Hw 
Chicago  Acad. 

A.  aqtuilis,  n.  spl  6 . — ^In  this  speoieB  the  oarapaoe  is  modi 
longer  than  in  the  pieoedinff  qteouB,  the  eyes  ant  huf;er,  the, 
tubercle  behind  than  ia  amaUer,  and  the  giUa  reach  moxjh  neater' 
the  telson. 

No.  of  s^ments  behind  poeterior  edge  of  ehidd  28 ;  na 
behind  last  pair  of  feet  11;  length  of  body  1*16;  of  canqnoe 
along  the  middle  "56;  hnadth  -vd;  length  of  tarsal oarina  46; 
distance  from  front  end  of  oarina  to  flront  edge  oTearftpaoe  41 ; 
length  of  caudal  aglets  -76  inch. 

Two  specimens  nom  "IbtamoiM,  Mexico,  OeEoesal  Goooh." 
Mus.  Chicf^o  Acad. 

s  ■  The  telson  has  6  median  apines  and  is  shorter,  and  the 
stylets  have  more  nmneioaa  and  sncster  s^es  thau  in  A.  Netv- 
berryi  The  under  side  of  tite  telson  is  mueh  smoother  than  in 
A.  hnguxiudahu,  and  lite  outer  eill  of  the  1st  maxillipeds  is  a 
little  longer  and  more  acuta  "So.  of  s^mfflitabevond  the  hind 
edge  of  carapace  26 ;  na  beyond  the  last  pair  of  feet  9 ;  length 
of  body  1-07 ;  length  of  earapaoe  in  middle  -66;  breadth  -46; 
length  of  carina  *S8 ;  length  msn  frcmt  end  of  carina  to  front 
edge  of  carapace  -28 ;  length  of  caudal  stylets  *76 ;  diameter  of 
^g-sac  "24  mch. 

Thirteen  specimens  from  "Matamoras.  Genenl  Couch"  and 
"  Kansas  No.  5,"  Mob.  Chicago  Acad.,  and  a  specimen  from  Yale 
Museum  labelled  "  Plains  ofBoc^  Mts.,  na  S90." 

Apus  Quildingii  Thompson,  ZooL  Besearches,  Jan.  ISftL  pt 
108,  belongs  to  the  same  section  of  the  genua  as  A.  agmUt,  but 
the  4th  branch  of  the  Ist  mazdllipeds  is  longer  than  in  any 
other  species  known  to  me,  being  represented  as  reaohii^  almost 
to  the  end  of  the  caudal  stylets.    St  Yincent,  West  lumee. 

To  the  third  section  of  tiie  genus  belongs  the  European  speeieB   i 
A.  cancriformia,  and  the  folkving  apeotes  from  North  In^a.'  | 
They  differ  from  the  North  American  species  in  the  longer  can- 
pace,  the  smaller  eyes,  and  round  postorbital  tubercle,  the  less 
spiny  telson,   the  more  hairy  caudal  stylets,  and   the  larger 
hypostoma, 

A.  Himalayanus,  n.  sp.  9. — Frontal  doublure  and  hypostoma 
as  in  A.  cancriformis ;  the  first  pair  of  maxillipeds  are  of  about 
the  same  length  as  in  cancriformis,  but  the  joints  are  more 
numerous  and  smaller,  there  being  80  joints  in  the  longest 
branch,  while  in  a  specimen  of  cancriformis  four  times  larger, 
there  are  50.  The  telson  is  longer  than  in  cancn/ormis,  but  the 
number  and  arrangement  of  the  spines  is  the  same,  as  is  the 
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under  side.  The  stylets  are  scarcely  as  long  as  the  body,  while 
in  cancriformis  they  are  considerably  longer,  and  the  fine  spines 
are  a  little  stouter.  No.  of  segments  bej^ond  the  hind  edge  of 
carapace  19  (in  cancriformis  19) ;  no.  behind  last  pair  of  feet  7 
(in  cancriformis  6);  length  of  body  1*00;  length  of  carapace 
along  the  middle  '64 ;  length  of  carina,  '45 ;  distance  from  end 
of  carina  to  front  edge  of  carapace  "36 ;  length  of  caudal  stylets 
•95 ;  diameter  of  ovisac  '15  inch,  ovisacs  situated  on  the  11th 
pair  of  maxillipeds  as  in  all  the  other  species  of  the  genus 
known  to  ma 

"  Collected  from  a  stagnant  pool  in  a  jungle  four  days  after  a 
shower  of  rain  had  fallen.  For  five  monthsprevious  to  this 
rain  there  had  been  no  rain  upon  the  earth.  Himalaya  Moun- 
tains, North  India,  near  where  the  Sutlege  river  debouches  into 
the  plaina  April,  1870."  Mus.  Comp.  Zoology,  Cambridge.  Two 
specimens. 

BBANCHIPODID-fi. 

Streptocephahis  Texanus^  n.  sp. — The  male  differs  from  S,  sim- 
His  Baird,  from  St  Domingo,  to  which  it  is  otherwise  closely 
allied,  in  the  longer  branch  of  the  inferior  antennae  being  much 
longer  and  slenderer  at  tip  (according  to  Baird's  figure),  while 
the  shorter  branch  is  much  narrower.  In  the  female  the  ovisac 
reaches  to  the  penultimate  segment  of  the  abdomen,  while  ac- 
cording to  Baird's  figure  it  scarcely  reaches  to  the  end  of  the 
4th  segment  ftx)m  the  end,  and  the  second  antennae  are  repre- 
sented as  being  much  larger  than  in  our  species.  The  male 
organs  arise  from  the  8th  segment  from  the  telson,  and  the  15th 
of  the  body ;  and  are  simple,  unarmed,  slender,  cylindrical,  very 
long,  and  curled  around  (in  alcoholic  specimens)  so  as  to  touch 
at  their  insertion.  Total  length,  male,  '65 ;  length  of  longer 
appendage  of  2d  antennae  '17  inch ;  caudal  stylets  '13 ;  length 
of  male  organs  when  extended  '18.  Female  '55  long,  caudal 
stylet  '11;  ovisac  '20  inch.  "Waco,  Texas.  Found  in  the 
summer  in  the  same  pool  as  the  Limnadia  was  taken.  The 
pool  was  formed  by  the  summer  rain,  and  as  it  had  passed  a  con- 
siderable time  in  a  dry  condition,  I  suppose  this  species  appears 
much  later,  or  at  least  not  at  the  same  time  as  the  Limnadia." 
G.  W.  Belfrage.  It  also  occurred  in  April,  the  females  having 
eggs,  as  did  those  found  in  the  summer  of  the  year  previous. 

LlMNADIAD^. 

Limnadia  Teooana,  n.  sp. — Eyes  double,  but  with  the  inner 
edges  contiguous ;  pyriform  tubercle  behind  them  one  half  as 
large  as  the  eye-bearing  prominence ;  '20  segments  behind  the 
fore-head,  including  the  telson;  15  pairs  of  feet  Antennae 
with  8  joints  on  each  branch,  the  7th  and  8th  joints  subdivided 
each  into  two  subjoints ;  the  setae  slightly  plumose  on  the  basal 
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joints.  Telson  witib  16  fine  teeth,  not  indnding  the  termintl 
acute  spine.  Caudal  TamelliB  long  and  dender,  coltrifinrm; 
under  edge  slightly  ourved,  firinged  with  long  hain,  those  at  the 
base  slightly  plamose;  the  npper  edm  etauffht;  end  binnt 
Carapace  valves  rounded  oval,  pare  wmte;  6  unes  of  growth; 
shells  minutely  dotted,  the  marMnga  being  coarser  at  the  pos- 
terior end  of  the  shell,  and  about  the  i^W^on  of  the  addoctor 
muscle.  Length  of  shell  -27 ;  breadth  *lo  inoL  It  is  mndi 
longer  and  narrower  than  L.  Amerieana  Morse,  and  with  a  less 
number  of  lines  of  ffiowth,  the  latter  having  18 ;  in  this  respect 
it  is  much  nearer  £,  Ekrmanm  of  Europe,  though  the  dieU  is 
much  narrower.  Compared  with  Baud's  figure  <n  L.  atitOkavim 
from  San  Domingo,  to  which  onr  species  is  nearest  allied,  ihe 
shell  is  more  rounded  ovate  at  each  end,  being  somewhat 
truncated.  While  the  ends  of  the  caudal  stylets  are  said  in  L. 
aniillarum  to  be  '^  somewhat  curved,  sharp  pointed  and  slii^tly 
serrated  on  upper  edge,"  the  tip  in  our  species  is  blunt,  smootn 
on  the  upper  edge,  and  ends  in  a  slight  ElooIl  jL  onliZZanfiii  is 
also  said  to  have  joints  to  the  rami  of  the  Sd  antennn,  and  18 
pairs  of  feet 

One  specimen,  Waco,  Texa&  '*  Quite  common  in  many  places 
in  western  Texas  in  the  early  spring.  It  occurs  in  mnddy  pools 
made  after  rains,  and  totally  cusappears  with  the  first  drying  of 
the  Dools.  As  far  as  I  hare  seen  they  are  only  found  in  the 
wooay  bottom  lands  and  always  near  creeka  It  occurred  in 
the  same  pool  as  Streptocephalu&"    G.  W.  Belfirage. 

EsUieria  Bdfragei^  n.  sp. — ^Bami  of  tiie  anterior  antenn»  with 
16  joints,  17  pairs  of  dorsal  spines  exdusive  of  those  on  the 
telson,  which  are  15  in  number  (in  E.  Mexieaina  they  are  much 
more  numerous)  and  the  middle  one  is  much  larger  than  those 
near  it  The  spines  on  the  telson  are  fewer  in  number  and 
larger  than  Claus  represents  in  E.  Afexicana;  caudal  stylets 
longer  and  slenderer  than  in  E.  Afexicana,  and  the  terminal 
spine  is  longer  and  slenderer,  judging  from  Claus'  figura 

Carapace  valves  with  the  um  toucs  situated  at  tne  anterior 
third  of  the  shell ;  dorsal  edge  straight  behind  the  umbones, 
slightly  serrate,  bent  rather  suddenly  downward  at  two-thirds 
of  the  distance  from  the  umbones  to  the  posterior  end,  the  end 
being  full  and  rounded;  anterior  dorsal  edge  slopes  rapidly 
from  the  umbones,  and  the  anterior  end  is  full  and  convex. 
Umbones  prominent  and  rather  acute,  but  not  oblique.  About 
24  lines  of  growth,  between  which  the  shell  is  coarsely  punctate ; 
from  5-8  dots  (when  placed  in  a  straight  line)  between  the  lines 
in  the  central  part  of  the  shell;  these  punctures  are  reduced  to 
a  single  row  on  the  edge.  Length  -80 :  breadth  •28 ;  thickness 
15  inch. 

It  differs  from  E,  Mexicana  Claus  (Grube's  figure)  from  Zima- 
pan,  Mexico,  in  the  umbones  being  much  more  prominent;  in 
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the  prominent  angle  of  the  dorsal  posterior  edge,  while  there  are 
hall  as  many  lines  of  growtL  From  E.  Dvmkeri  Baird,  also 
from  Zimapan,  it  diflfers  in  the  less  nimierous  lines  of  growth ; 
in  the  smaller,  less  tumid  nmbones,  and  the  more  marked  angle 
of  the  posterior  part  of  the  dorsal  edga  The  punctures  between 
the  lines  of  growth  are  much  more  numerous  in  Dunkeri.  Six 
specimens.     Waco,  Texas,  April,  G.  W.  Belfrage. 

Estheria  Morsei^  n.  sp, — Shell  intermediate  in  form  between  E, 
(hldwetti  Baird,  from  Lake  Winnepeg  and  E,  Dunkeri  Baird, 
from  ZimapaD,  Mexico ;  shell  much  swollen,  oblong  oval,  of  a 
pale  horn  color;  umbones  large,  prominent,  larger  than  in  E. 
OaldweJU^  and  much  less  oblique  and  situated  nearer  the  anterior 
end  of  the  shell  Dorsal  margin  shorter  than  in  E.  CaldwelK, 
and  in  front  of  the  umbones,  instead  of  being  straight  and  sud- 
denly curved  downward,  is  regularly  rounded  as  in  jE  Dunkeri. 
Behind  the  umbones  the  shell  is  narrower  than  either  in  Cald- 
voeUi  or  Dunkeri;  the  dorsal  edge  sloping  rapidly  downward, 
without  the  well  marked  angle  of  CalaweUi,  or  the  continuous, 
fiill  curve  of  Dunkeri.  Coarse  punctures  between  the  ribs, 
rather  coarser  than  in  CdldweUi^  there  being  on  an  average  5-10 
between  the  ribs  in  the  center  of  the  valve.  Length  '50; 
breadth  'SS ;  thickness  *24  inch.  Six  specimens  from  Dubuque, 
Iowa,  collected  by  Rev.  A.  B.  Kendig.  Dedicated  to  Prof. 
K  S.  Morse,  who  has  indicated  to  me  that  the  species  was  un- 
described 

Lymnetis  gracUicomis,  n.  sp. — This  interesting  form  may  at 
once  be  known  from  L.  Oouldii  Baird,  recently  found  by  Mr.  E. 
Burgess  in  Cambridge,  Mas&,  by  the  long  slender  2d  antennsB 
which  have  about  20  joints,  and  are  much  longer  than  in  that 

ries.  The  keel  on  the  front  of  the  head  does  not  reach  to 
front  edge,  while  in  Oouldii  it  doea  Shell  of  the  same 
form  but  much  larger  than  in  Oouldii  Length  of  shell  17, 
breadth  *16  incL 

Peabodj  Aoademj  of  Seienoe,  Salem,  Mass.,  May  20,  1871. 


Abt.  XV. — On  a  New  Difference  Engine;  by  Geo.  B.  Grant. 

The  great  labor  and  expense  involved  in  the  construction  of 
reliable  astronomical  and  nautical  tables  by  mental  computa- 
tion, as  well  as  the  impossibility  of  getting  them  entirely  cor- 
rect, suggested  to  Charles  Babbage  the  idea  that  this  work 
might  be  done  almost  entirely  by  machinery,  and  the  machine 
he  invented  for  that  purpose  has  become  famous,  as  one  of  the 
most  complicated  and  costly  pieces  of  mechanism  ever  con- 
trived.    The    English    government    appropriated    eighty-five 
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thousand  dollars  for  its  oonstmetioii,  oil  the  strong  xeoommen- 
dation  of  a  committee  of  the  Boyal  Society,  containing  scane  of 
the  most  eminent  men  of  tiie  time,  but  after  years  of  study  and 
labor  had  been  spent  on  it,  the  appromiations  were  stopped  on 
account  of  the  indefinite  expense.  Though  never  completed 
as  a  working  machine,  it  prored  the  feasibmty  of  the  schema 

Babbage's  idea  was  carried  out  more  successfully  by  Edward 
Scheutz.  and  the  two  machines  constructed  on  his  plan  are  the 
only  ones  ever  built  for  this  purpose.  One  of  these  was  bought 
for  the  Dudley  Observatory  at  Albany,  but  has  been  but  Uule 
used  The  other  was  built  by  the  British  government  in  1862, 
and  has  since  been  extensively  used  in  the  calculation  of  Ufe 
insurance  tables.* 

The  idea  of  contriving  a  machine  for  calculating  tables  first 
occurred  to  myself  whue  laboriously  computing  a  table  for 
excavation  and  embankment  Having  never  heard  of  either 
Babbage's  or  Scheutz's  engineB,  I  imagined  it  an  easy  matter, 
but  gave  it  up  in  disgust  uter  some  study.  Last  year  1  heard 
of  Babbage's  engine,  became  intere^»d  again,  ana  designed  a 
machine  that  might  possibly  have  worked,  out  I  could  convince 
nobody  that  it  woula  do  so,  and  save  it  up  again.  About  four 
months  ago,  my  teacher  in  the  Mining  School,  Pro£  Woloott 
Qibbs,  asked  after  the  design,  encouraged  me  in  my  worb^  and 
the  result  is  the  design  for  the  difference  engine,  whidi  it  is 
the  purpose  of  this  article  to  describe. 

Tnough  I  have  built  no  large  machine,  the  efficiency  of  tiie 
design  for  its  puipose  may  be  considered  as  having  been  proved, 
as  through  the  uber^ly  of  the  superintendent  of  the  Coast 
Survey,  Prof  Benjamin  Peirce,  I  have  been  able  to  build  a 
model  of  small  capacity,  which  has  worked  to  satis&ction. 

I  am  indebted  to  Mr.  John  N.  Bachelder  of  Cambridge,  as 
well  as  to  Professors  Eustis,  Winlock  and  Whitney,  of  Harvard 
College,  for  encouragement  and  help  given.  Mr.  Badielder 
had  cnarge  of  the  Scheutz  engine  when  it  first  came  to  tiiis 
country,  and  is  one  of  the  few  who  have  had  practical  experi- 
ence with  any  machine  of  this  class. 

A  short  explanation  of  the  method  of  diflFerences  may  not 
be  wasted  on  many  of  my  readers. 

If  the  first  term  of  any  table  be  subtracted  from  the  second, 
the  second  from  the  third,  and  so  on,  a  new  table  will  be 
formed,  called  the  first  order  of  differences.     In  the  same  way 

*  Accounts  of  Babbage^s  engine  may  be  found  in  the  Edinburg  Reyiew,  July, 
1834,  in  Taylor's  Scient^c  Memoirs,  v.  3,  and  in  the  inventor's  work,  '*  Passages 
from  the  Life  of  a  Philosopher ;"  short  articles  on  the  same  in  Tomlinson's  Cyc.  of 
the  Arts  and  Sciences;  Harper's  Mag.,  1865;  Manufacturer  and  Builder,  1870; 
Timb's  Stories  of  Inventors,  &c.  Scheutz's  engine  is  described  in  "  The  Swedish 
Calculating  Machine,"  by  Charles  Babbage,  in  "The  Manufacturer  and  Builder," 
Aug.,  1870,  and  in  detail  in  the  British  patent  specifications,  Oct.  17,  1864, 
Ko.  2216. 
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!Cond  order  can  be  formed  from  the  first,  a  third  from  the 
nd,  and  ultimately  an  order  of  differences  will  be  reached, 
3h  is  constant  or  nearly  so.  For  example,  take  a  table  of 
cubes  of  the  natural  numbers,  and  forming  the  several 
rrs  of  difference,  it  is  found  that  the  third  order  is  invaria- 
six. 


Table. 

Ist  order. 

2Dd  order. 

3rd  order. 

1 

7 

12 

6 

8 

19 

18 

6 

27 

37 

24 

64 

61 

125 

i  is  plain  that  with  nothing  but  the  first  terms  1,  7,  12  and 
le  table  might  be  constructed  to  any  extent  b^  simple  addi- 
.  A  difference  engine  is  nothing  but  a  machine  to  operate 
method,  using  several  orders  oi  differences,  and  a  large 
iber  of  decimal  places. 

1  logarithmic,  trigonometrical,  and  in  fact  in  the  greater 
iber  of  tables,  there  is  no  constant  order,  but  one  can  be 
id  that  is  so  nearly  so,  that  the  error  of  considering  it 
5tly  so  will  not  creep  into  a  given  number  of  decimal  places, 
any  required  numoer  of  terms  have  been  calculated.  A 
\i  start  must  then  be  taken,  and  the  table  completed  by  a 
iber  of  such  operations. 

his  engine,  like  both  the  others,  consists  of  a  calculating 
a  printing  part  In  the  printing  part,  the  calculated  results 
stamped  into  a  sheet  of  lead,  wax  or  other  plastic  substance, 
1  which  a  stereotype  plate  is  taken  for  printing  the  table, 
\  avoiding  constant  error  in  copying  the  numbers  and  set- 
them  up  in  type  from  manuscript  No  description  of  this 
is  given,  as  it  contains  nothing  new  of  importance. 
he  calculating  part  consists  of  the  main  wheels,  A,  on  which 
irst  terms  are  set  up,  the  additions  made,  and  from  which  the 
ulated  results  are  taken  by  the  printing  part ;  the  drivers 
irfaich  make  the  additions,  and  the  carrying  apparatus  C. 
he  main  wheels  are  about  one-third  oi  an  inch  thick,  and 
inches  in  diameter,  all  turning  on  the  same  axis  D,  in  the 
B  direction  independently  of  each  other,  the  axis  being 
onary. 

hey  are  arranged  in  sets  of  two,  three  or  more,  according 
le  first,  second  or  higher  order  is  designed  to  be  constant 
re  are  as  many  of  these  sets  as  there  are  decimal  places  in 
largest  number  to  be  used.  Each  wheel  is  furnished  on 
edge  with  twenty  teeth,  and  on  the  other  with  two  cams, 
id  a\  which  project  a  little  farther  from  the  wheel  than  the 
1.  The  spaces  between  the  teeth  are  stamped  with  the  ten 
lerals,  zero  to  nine,  twice  in  succession. 
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The  first  set  reprwontB  the  units  or  lowest  decimal  place,  the 
next  aet  represenrtB  die  next  higher  decimal  pkce,  and  bo  on. 
The  first  wheel  in  «udi  B«t  repreaents  the  correspoDding  decimal 
place  of  the  tabtdtr  ntibiber,  the  second  wheel,  that  of  the 
first  order,  and  the  last  iriieel  is  the  constant  order,  and  is  fur- 
nished only  with  s  cam,  the  teeth  being  omitt«d.  It  can  he 
fastened  at  anj  figon,  u  it  never  requires  to  he  changed  after 
once  being  set  By  liiu  arrangement  each  wheel  is  separuted 
by  but  the  sizteeaUi  of  an  inch  from  the  wheels  of  the  same 
place  in  the  next  higher  and  next  knror  ordeeB. 

The  point  E  is  chosen  as  the  point  at  which  to  read  all  num- 
bers, and  it  is  evident  that  any  number  may  be  shown  on  any 
order  by  turning  the  wheels  till  the  right  numbers  appear  at  E. 
The  cams  are  so  arranged  with  regard  to  the  numbei-s,  that  one 
of  them  shall  be  at  the  point  F  when  the  wheel  reads  zero. 
Now  as  the  wheel  ia  turned,  as  every  number  passes  E,  the  cam 
will  be  moved  one  space  further  from  F,  so  that  at  any  time 
the  wheel  could  be  read  as  well  by  observing  the  number  of 
spaces  the  cam  ia  distant  from  F,  as  by  reading  the  figure 
at  E. 

The  drivers  B  are  attached  to  the  carriage  G,  one  driver 
opposite  each  wheel  except  the  constant  ones.  They  consist  of 
a  catch  b  and  hook  c  The  catch  is  pressed  toward  the  wheel, 
and  the  hook  pressed  on  the 
catch  by  the  some  spring  d. 
The  carriage  is  driven  by  a 
crank  over  ten  spaces  on 
the  wheels,  and  back  again, 
making  one  oscillation  to  ev- 
2r  ery  turn  of  the  crank.  As 
j  the  carriage  leaves  the  rod 
e,  the  catch  drops  between 
the  teeth  of  the  wheel  and 
carries  it  along.  The  catch  projects  over  its  wheel  far  enough 
to  stnke  the  oam  on  the  next  waeel  when  it  gttt  to  it,  and  be 
lifted  out  of  the  teeth  by  it,  faaTiug  added  to  it»  wheel  the  koiq- 
ber  of  spaces  that  the  cam  is  distant  fiom  F.  As  it  ia  raised 
up,  the  nook  catches  in  the  nick  k,  and  prevents  it  &lliag  back 
on  the  wheel,  so  that  it  moves  the  rest  of  the  stroke  and  back 
without  moving  the  wheeL  As  the  carriage  comes  back,  the 
projection  on  the  hook  strikes  the  rod  e  and  the  hook  is  lifted 
out  of  the  catch,  letting  it  onto  the  wheel  again. 

It  is  necessary  that  while  one  wheel  is  being  added  to,  the 
next  wheel  should  not  mov&  For  this  purpose  the  first  stroke 
adds  the  first,  third  and  odd  orders  to  the  numbers  on  the  table, 
second,  fourth  and  even  orders,  the  odd  orders  being  held  firm  by 
a  clamp  not  shown.     Meanwhile  the  rod  e  has  been  moved,  so 
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that  the  drivers  belonging  to  the  even  orders  are  not  released 
as  the  carriage  comes  back,  but  those  belon^ng  to  the  odd 
orders,  so  that  at  the  next  stroke  the  even  orders  are  added  to 
the  odd  ones,  and  the  number  on  the  table-wheels  printed ; 
every  two  strokes  of  the  carriage  giving  a  new  term  of  the 
tabla 

On  each  wheel  between  the  teeth  and  cams  are  two  ffrooves. 
The  two  slips /and  g  rest  in  these  grooves,  being  held  tnere  by 
light  springs.  The  pin  i  is  so  arranged  that,  when  the  wheel 
reads  nine,  it  will  be  under  the  first  slip/  holding  it  up ;  and  as 
it  passes  from  nine  to  zero  it  drops  the  slip/  raises  and  drops 
the  slip  g.  To  each  wheel  there  is  an  arm  H,  to  which  the 
catch  m  is  attached,  the  catch  resting  on  the  teeth  of  the  wheel 
This  arm  would  be  drawn  back  by  a  spring,  but  is  held  by  two 
catches  p  and  q,  IS  the  catch  p  is  drawn,  the  arm  will  be  held 
by  y  only,  and  if  j  is  then  drawn  it  will  spring  back,  the  catch 
&lbn^  over  the  next  tooth.  The  slip  /of  each  wheel  is  con- 
nected with  the  catch  p  of  the  wheel  of  the  same  order  in  the 
next  decimal  place  higher,  and  the  slip  g  with  q.  Each  arm 
is  connected  by  the  lever  s  with  its  own  slip  ^,  so  that  it  will 
draw  it  out  when  it  springs  back.  As  each  nine  on  the  wheel 
A  comes  to  the  point  IE,  the  slip /is  pushed  out,  and  the  catch 
p  to  the  next  place  B  drawn ;  and  as  the  zero  comes  to  E,  the 
slip  g  is  pushed  out,  the  catch  q  drawn,  and  the  arm  over  B  is 
sprung,  drawing  with  it  the  catch  q  of  the  next  place  higher,  C, 
but  not  releasing  the  arm  at  G,  as  it  is  still  held  by  p.  p  will, 
however,  be  drawn,  if  B  stands  on  nine,  and  both  arms  sprung, 
as  it  should  be,  for  if  the  arm  over  B  is  released  it  inaicates 
that  one  is  to  be  added  to  it,  and  if  it  is  already  nine  the  addi- 
tion of  that  one  will  make  it  necessary  to  carry  one  to  C  also. 
If  C  is  nine,  one  must  be  carried  to  D,  and  so  on  ;  one  must  be 
carried  to  the  first  wheel  which  is  not  nine. 

This  is  all  done  during  the  addition,  after  which  and  during 
the  return  of  the  carriage,  the  cam  K  brings  all  the  arms  bacK 
that  are  up,  adding  one  to  each  wheel  whose  arm  is  up. 

The  entire  printing  part,  as  well  as  some  details  of  frarainff, 
gearing,  etc.,  are  omitted  from  the  accompanying  sketch,  which 
18  meant  merely  as  an  outline  drawing  showing  the  principal 
parts  only. 

The  size  of  a  completed  machine  would  vary  with  the  capa- 
city. An  engine  of  the  same  capacity  as  that  of  Scheutz, 
would  be  three  feet  long,  twelve  inches  high,  and  eight  inches 
widcL  The  cost  is  estimated  at  from  two  to  three  thousand 
dollars. 

Oambridge,  June  6,  1871. 
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Art.  XTL — A  New  Form  of  Qalvanometer;  by  JOHK  Thow- 
BRIDOE,  Aasistant  Professor  of  Physics,  Harvard  College. 

In  the  tangent  galvanometer  the  plane  of  the  coil  standing  per- 
pendicularly to  the  plane  in  which  the  needle  moves,  the  needle 
13  deflected  by  the  action  of  the  current  passing  through  the 
coil  upon  the  current  circulating  in  the  magnet;  the  maffotlt 
being  considered  a  solenoid  according  to  Ampere's  theory-  The 
tangent  of  the  deflection  measures  the  intensity  of  the  current 
The  defects  of  the  tangent  galvanometer  are  well  known.  The 
poles  of  the  needle  in  being  repelled  are  removed  from  the 
field  of  the  current  and  consequently  with  currents  of  great 
intensity  the  tangents  are  not  closely  proportional  to  the 
strength  of  the  currents ;  the  delicacy  varying  as  the  difFerential 

of  I=tan  S,  or  ^-^  =  sec'^.     When  the  ratio  of  the  lengthof 

the  needle  to  the  diameter  of  the  coil  is  a  very  small  fraction, 
the  tangents,  however,  are  closely  proportional  to  the  corres- 
ponding intensitiea 

In  Gaugain's  galvanometer 
where  the  plane  of  the  cur- 
rent is  placed  at  a  short  dis- 
tance from  the  axis  of  the 
needle,  the  intensities  are  di- 
rectly proportional  to  the  tan- 
gents of  the  deflections. 

A  mathematical  investiga- 
tion of  the  effects  of  electric 
currents  ou  the  magnetic 
needle,  the  plane  of  the  cur- 
rent having  different  obliqui- 
ties with  regard  to  the  horizon- 
tal plane  in  which  the  needle 
moves,  led  me  to  devise  the 
following  form  of  galvanom- 
eter: 

A  magnetic  needle  is  placed 
i.  at  the  centre  of  a  circular  cur- 
f  rent,  the  plane  of  the  current 
at  first  being  liorizontaL    I" 
this  position  the  needle  is  un- 
alTtJctcd  by  the  current,  and  is 
ion  merely  by  the  earth's  magnetism.     "VVe  now  turu  llie 
]>l;inc  oT  the  current  about  a  horizontal  axis  passing  throudi 
tlu;  center  of  the  needle  as  in  the  figure  ;   A  B  representing  tlie 
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of  the  coil  in  its  new  position,  inclined  at  an  angle  of 
S  to  the  horizon. 

^ill  be  readily  seen  that  if  A  O  represents  the  intensity  of 
rrent  passing  through  the  coil,  0  C  will  be  the  component 

that  will  deflect  the  needle;  but  00= 
A  0  cos  S  =  I  cos  ^.  The  intensities 
will  therefore  be  proportional  to  the  co- 
sines of  the  inclination  of  the  plane  of 
the  current,  measuring  the  angle  from 
-  the  vertical  0  0. 

The  instrument  with  which  I  experi- 
mented had  the  following  dimensions: 
The  diameter  of  the  circle  around  which 
the  current  passed  was  twelve  inches, 
>^  and  the  length  of  the  needle  1'4  inches; 
it  was  provided  with  long  aluminum 
rs.  The  inclinations  of  the  plane  of  the  current  were 
'rom  a  vertical  scale  perpendicular  to  both  the  plane  of 
rrent  and  to  the  plane  in  which  the  needle  movea. 
!  manner  of  experimenting  was  as  follows :  The  resist- 
f  the  battery — one  Daniell's  cell — ^having  been  determined 
are,  and  also  the  resistance  of  the  circuit,  the  instrument 
rst  used  as  a  tangent  galvanometer  with  the  plane  of  the 
it  vertical. 

istances  from  one  up  to  ten  ohms  were  introduced  into 
•cuit,  and  the  deflections  noted  ;  then  with  a  constant  re- 
je  the  angle  was  noted  through  which  it  was  necessary  to 
he  plane  of  the  current  until  the  same  deflection  of  the 
!  was  obtained  as  in  the  cases  where  the  instrument  was 
s  a  tangent  galvanometer  with  varying  resistances, 
t  following  table  gives  the  results  obtained : 


Angles  of  Deflec- 
tion. 


Ratio  of 
Tangents. 


Error. 


ir_30' 

76"  62' 
32°  15' 

75"  52' 

41" 

75"  52' 
64"  35' 

75"  52' 
15" 

32" 
14"  30' 

26"  30' 
18"  30' 

25^  30' 
21°  30' 

25"  30' 


•090 
•158 
226 
•354 
■428 
•542 
•701 
•825 


•014 
•016 
•026 
•021 
•028 
•013 
•009 
•016 


Angles  of  Inclina- 
tion. 


85"  30' 

0" 
82" 

0" 
78"  46' 

0<^ 
70" 

0" 
66" 

0" 
67" 

0" 
47"  46' 

0" 
38"  15' 


Ratio  of 
Cosines. 


•078 
•139 
•195 
•342 
-422 
•644 
•672 
•786 


Error. 


•002 
•003 
•005 
•009 
•022 
•016 
•020 
•026 
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It  will  be  noticed  that  with  large  deflections  the  ratio  of  the 
cosines  is  nearer  the  ratio  of  the  intensities  than  the  ratio  of  the 
tangents.  With  smaller  deflections,  however,  the  ratio  of  the 
tangents  is  nearer  that  of  the  intensities  than  the  ratio  of  the 
cosines.     In  the  expression    I  cos  S=CO=tan  3', 

T      CO       tan  5'     .-         ,.^ 

or    1= :t  = ^  ,  if  we  diflferen- 

cos^      cos-^ 

tiate  I  with  respect  to  S'  we  obtain 

dl  .  d.tanS'+sinStanS' 

_=eo8^-^^ 


cos^i- 

It  will  be  seen  that  the  delicacy  varies  inversely  as  the  cosine 
of  the  inclination  decreases,  or  in  other  words,  as  the  angle 
of  the  plane  of  the  current  with  the  vertical  increases;  the  ver- 
tical component  of  the  intensity  increases  while  the  horizontal 
component  decreases.  This  vertical  component  thus  renders 
the  needle  less  sensitive  to  the  horizontal  component  and  dijjfl 
it.  By  diminishing  the  length  of  the  needle,  and  providing  it 
with  long  pointers,  and  also  increasing  the  diameter  of  the  cir- 
cle around  which  the  current  passes,  the  effect  of  the  vertical 
component  can  be  lessened. 

With  large  deflections,  therefore,  this  instrument  appears  to 
give  closer  results  than  the  tangent  galvanometer ;  and  therefore 
supplies  a  deficiency  in  the  latter  instrument  By  the  cosine 
galvanometer  many  determinations  of  the  intensity  of  the  same 
current  can  be  maae  by  forming  a  table  of  the  values  of  the 
cosines  of  different  angles  of  inclinations  in  terms  of  the  deflec- 
tions of  the  needle,  wnich  currents,  with  a  known  resistance  in- 
terjKised  produce.  In  the  tangent  galvanometer  but  one  deter- 
mination can  be  made. 

Irrespective  of  the  accuracy  of  this  method,  the  instrument 
can  be  viewed  as  supplving  \  break  in  the  literature  of  the 
subject.  We  have  now  in  addition  to  the  tangent  galvanome- 
ter and  the  sine  galvanometer,  a  cosine  galvanometer. 

My  thanks  are  due  to  Prof  Cooke,  of  Harvard  Collie,  for 
the  generous  use  of  his  apparatus  for  electrical  measurements. 


Art.  XVII. — Xotice  of  s'vne  mv:  F'.'.ssil  Mammals  and  Birds, 
/•>"//?  the  Tertiary  F'.-nnai'On  of  th':  Wtst :  bv  O.  C.  MaksH. 

Ix  :\'iditiou  to  the  sptvies  v^f  extinct  Mammals  described  iu 
the  l:\st  niunber  of  this  Journal,  paire  35.  tlie  Yale  partv,  during    | 
their  investigations  in  the  Roekv  Mountain  region,  discovered    j 
several  others  o(  interest,  whieh  are  here  briefly  characterized.    I 
The  remains  of  a  number  of  t'ossil  Birds  were  also  found,  and  a 
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inary  notice  of  the  more  important  specimens  is  included 
present  article. 

Arctomys  vetuSj  sp.  nov. 

.ains  of  Rodents  are  very  rare  in  the  Green  river  Tertiary 
although  not  uncommon  in  the  more  recent  strata,  east 
Rocky  Mountains.  A  small  species  of  the  genus  -ire- 
represented  by  a  nearly  perfect  lower  jaw,  and  other 
5,  was  discovered  during  our  explorations  on  the  Loup 
iver.  This  species  was  only  about  one-third  the  size  of 
>dem  Arctomys  tnoncLx  Gm.,  and  may  at  once  be  distin- 
d  from  that  rodent  by  the  lower  incisors,  which  have 
anterior  surface  a  shallow  median  groove.  The  molar 
f  the  lower  jaw  have  essentially  the  same  composition 
;e  of  the  larger  speciea 

MeaauremerUa. 

.  of  lower  jaw  from  condyle  to  base  of  incisor,  17 '76    lines. 

-posterior  extent  of  four  lower  molars, 6*6         " 

of  lower  jaw  below  first  molar, 4*6         " 

rimens  on  which  the  species  is  based,  were  found  by 
Wadsworth  and  the  writer,  in  the  Pliocene  beds,  on 
up  Fork,  in  northern  Nebraska. 

Oeomys  bisuUxUus^  sp.  nov. 

ther  extinct  Rodent,  about  the  same  size  as  the  pre- 
species,  is  indicated  by  several  fragments  of  jaws  and 
found  in  the  same  Pliocene  Tertiary  beds.  The  incisors 
lower  jaw  in  this  species  have  the  anterior  face  broad 
t,  with  the  external  angle  acute.  They  extend  backward 
the  entire  molar  series.  The  latter  has  a  very  similar 
sition  to  the  molars  of  the  recent  Oeomys  bursantis  Shaw, 
e  two  species  may  eventually  prove  to  be  nearly  allied, 
pper  incisors,  likewise,  are  similar.  On  their  anterior 
ere  is  a  deep,  rounded  groove,  with  its  lowest  part  just 
5  the  median  line.  Near  the  inner  angle,  also,  of  each 
,  there  is  a  second,  very  fine,  sharp  groove.  The  external 
ngle  is  rounded,  and  the  lateral  mce  but  slightly  convex, 
emaxillary  suture  forms  extemallv  an  obtuse  angle,  with 
ex  forward,  near  the  posterior  face  of  the  incisor.  In 
iws,  the  incisors  are  deeper  than  wide. 

MecuwemerdB, 

erse  diameter  of  upper  incisor, 1'6  lines. 

-posterior  extent, 2*  ** 

of  skull  at  premaxillary  suture, 6*  " 

of  lower  incisor  on  arc  of  curve, 16'  ** 

rse  diameter  at  apex, 1*6  " 

of  lower  jaw  below  first  molar, 6*6  " 

-posterior  extent  of  first  three  lower  molars, 3'6  " 
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The  only  known  specimens  representing  this  species  were 
found  by  the  writer  in  the  Pliocene  strata,  near  Camp  Thomas, 
on  the  Loup  Fork  river. 

Sduravus  nitidus^  gen.  et  sp.  nov. 

A  very  small  extinct  rodent  of  niuch  interest  is  indicated  by 
a  portion  of  a  left  upper  jaw,  enclosing  the  last  three  molan, 
which  was  one  of  tne  treasures  secur^  by  the  Yale  party  last 
autumn  in  the  Tertiary  beds  of  the  Green  River  basin.  The  teetk 
preserved  have  apparently  a  near  resemblance  to  those  of  the 
SciuridcB,  and  hence  the  present  fossil  may  be  referred  pro- 
visionally to  that  group.  The  genus  is  apparently  distinct  from 
any  known,  and  ^U  U  more  completely  defin^  in  the  M 
description.  The  upper  molars  are  composed  essentially  of  two 
pairs  of  tubercles,  with  a  minute  intermediate  cone  on  the  outer 
edge.  There  is  a  strong  basal  ridge  in  front,  and  the  inner 
margin  is  bifid.  The  species  was  about  the  size  of  the  common 
brown  rat,  Mus  decumanus. 

MuuuremerUa. 

Length  of  part  of  upper  jaw,  enclosing  the  three  poste- 
rior molars, 3*4  lineai 

Antero-posterior  extent  of  antepenultimate  upper  molar,  1  •      ** 
Transverse  extent  of  same, 1'      ** 

This  unique  specimen  was  discovered  by  the  writer  at  Grizzly 
Buttes,  near  Fort  Bridger,  Wyoming. 

Sduravus  undans,  sp.  nov. 

The  present  species  was  somewhat  larger  than  the  preced- 
ing, but  probably  a  near  ally.  A  single  specimen  only  can  now 
with  certainty  be  referred  to  it,  and  a  aiscussion  of  its  exact 
afiinities  must  be  reserved  for  another  occasion.  The  fossil 
in  question  is  part  of  a  right  lower  jaw  containing  the  incisors 
and  first  three  molars,  all  in  excellent  preservation.  The  incisor 
extends  below  the  entire  molar  series.  Its  anterior  surface  is 
smooth,  and  somewhat  convex,  and  the  inner  face,  where  the 
two  teeth  meet,  is  marked  by  a  succession  of  delicate  wave-like 
impressions.  The  tubercles  of  the  molars  are  more  prominent 
than  in  those  of  the  last  species. 

Measwements. 

Length  of  portion  of  lower  jaw,  containing  first  three 

molars, 3*5  Hues. 

Transverse  diameter  of  third  lower  molar, 1*      " 

Transverse  diameter  of  lower  incisor, '6    " 

This  specimen  was  found  by  the  writer  at  the  same  geological 
horizon,  and  near  the  same  locality  that  afforded  the  species 
last  described. 
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Triacodon  fallax,  gen.  et  sp.  nov. 

tnall  extinct  mammal  of  much  interest,  is  indicated  by  a 
lar  tooth,  and  possibly  by  some  additional  remains,  col- 

in  the  lower  Tertiary  beds  of  Wyoming.  The  tooth 
•8  to  be  the  last  premolar  of  the  right  lower  jaw,  but 

so  widely  fix)m  the  corresponding  premolar  in  any  known 
5,  as  to  render  the  nature  of  the  animal  to  which  it 
jed  more  or  less  uncertain.  The  crown  is  triangular  at 
ise,  the  outer  and  longest  side  being  somewhat  convex, 
16  other,  two  nearly  flat  The  upper  sur&ce  is  composed 
ee  trianffular  tubercles,  one  at  each  angle,  the  anterior 
much  the  highest,  and  the  inner  one  the  smallest  This 
ar  tooth  resembles  slightly  the  corresponding  premolar  in 
Df  the  Insectivores,  and  is  likewise  similar  in  some  respects 
'se  of  certain  Marsupials,  but  further  remains  will  doubt- 
j  necessary  to  determine  its  true  zoological  position.  The 
t  species  was  probably  about  two  thirds  tne  size  of  the 

American  opossum. 

Meaaurement8. 

>-po8terior  diameter  of  lower  premolar, 2 '26  lines. 

rerse  diameter  of  same, ,    rOS     " 

b  of  anterior  tubercle, 2*8      " 

b  of  posterior  tubercle, 1*6       " 

t  of  mner  tubercle, 1*76     " 

the  specimens  supposed  to  pertain  to  this  species  were 
by  J.  M.  Russell  and  the  writer,  at  Grizzly  Buttes,  near 
se  of  the  Uintah  Mountains. 

Cants  montanus,  sp.  nov. 

I  presence  of  a  large  Carnivore  in  the  fossil  fauna  of  the 
River  Tertiary  basin,  which  could  with  comparative 
ity  be  predicated  upon  the  discoverv  there  of  so  many 
;t  pachyderms,  was  clearly  established  by  our  party; 
gh  the  evidence  at  present  rests  on  remains  more  or  less 
^ntary.  Those  already  known  consist  of  a  last  upper 
lar  tooth  in  good  preservation,  a  Canine,  wanting  most  of 
own,  and  a  number  of  the  larger  bones  of  a  skeleton,  all 
mtly  of  the  same  species,  but  pertaining  to  three  indi- 
8,  differing  somewhat  in  siza  These  various  remains 
te  an  animal  considerably  larger  than  the  recent  Gray 
{Cants  occidentalis),  and  one  probably  belonging  to  the 
family.  The  last  upper  premolar  in  the  present  extinct 
8  is  robust,  has  a  short  compressed  crown.  The  principal 
8  conical,  with  sub-acute  edges,  the  anterior  being  about 
the  length  of  the  posterior.  Behind  the  main  cusp  there 
rge  triangular  tubercle,  with  its  apex  exterior  to  the  fore 
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and  aft  axis  of  the  crown.     In  the  canine  tooth,  the  base  of  the 
crown  forms  a  broader  oval  than  in  most  of  the  recent  Camda. 

Measurementa. 

Antero-posterior  diameter  of  last  upper  premolar, 9*  lioM. 

Greatest  transverse  diameter  of  same, -.  4*26  " 

Height  of  main  cusp, d*     ** 

Height  of  posterior  tubercle, 8*76  " 

Antero-posterior  diameter  of  canine  at  base  of  crown, 7'     " 

Transverse  diameter  of  same, 6-    « 

The  above  specimens  were  found  by  H.  B.  Sargent  and  the 
writer,  at  Grizzly  Buttes,  Western  Wyoming. 

Vulpaviis  palustris^  gen.  et  sp.  nov. 

A  second,  much  smaller  carnivore  is  indicated  by  several 
upper  molar  teeth,  and  other  fragmentary  remains,  found  during 
our  explorations  in  the  same  Tertiary  deposits  that  yielded  the 
preceding  species.  The  specimens  belonged  to  several  indi- 
viduals, all  considerably  smaller  than  a  lox,  and  apparently 
having  some  affinities  with  that  animal,  although  generically 
distinct.  One  of  the  best  preserved  of  the  teeth  is  a  second,  right, 
upper  molar,  which  has  a  similar  composition  to  the  correspond- 
ing tooth  of  the  common  Red  fox  \  Vulpes  fulvus  Desm.),  but 
differs  in  the  outline  of  the  crown,  which  has  the  posterior  side 
the  longest,  thus  indicating  a  relative  greater  expansion  at  this 
part  of  the  skull.  The  first  upper  molar,  also,  has  a  propor- 
tionally less  fore  and  aft  extent  than  the  same  tooth  in  tne  fox. 

Measwremenis. 

Length  of  portion  of  jaw  containing  last  three  upper  mo- 
lars,   10*6  lines. 

Antero-posterior  diameter  of  second  upper  molar, 2*36      " 

Transverse  diameter  of  same, 4*         •* 

The  specimens  now  representing  this  species  were  discovered 
by  Dr.  J.  V.  A.  Garter,  and  the  writer,  near  Fort  Bridger, 

Wyoming. 

Amphicyon  angicstidens,  sp.  nov. 

Another  extinct  carnivore,  about  as  large  as  the  preceding 
species,  and  perhaps  related  to  the  same  group,  is  represented 
by  the  anterior  portion  of  a  right  lower  jaw,  containing  the 
last  three  premolars,  and  the  canine.  The  ramus  is  slender,  but 
ratlier  deep.  The  premolar  teeth  are  low,  and  unusually  com- 
pressed. All  have  a  distinct  tubercle  in  front  of  the  main  cusp, 
and  the  third  and  fourth  have  the  posterior  edee  trifid.  The 
present  specimen  agrees  essentially  in  size  with  the  correspond- 
ing jaw  of  Amjyhici/on  gracilis  Leidy,  but  the  last  premolar  is 
less  elevated,  more  compressed,  and  has  the  middle  tubercle  ou 
the  posterior  edge  much  less  developed  than  in  that  species. 
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Meatwremmia, 

Length  of  part  of  lower  jaw  oontaiuing  four  premolars,.  9*5  lines. 

Depth  of  jaw  helow  last  premolar, 6* 

Width  of  jaw  helow  last  premolar, 21 

Antero-posterior  diameter  of  last  lower  premolar, 3* 

Transverse  diameter  of  same, 1'26 

Height  of  crown, 1*8 

This  species  was  found  by  the  writer,  in  the  Miocene  Shale, 
at  Scott's  BluflF,  on  the  Nortn  Platte  river,  Nebraska. 

Fossil  Remains  of  BiRDa 

Since  the  beginning  of  the  last  year,  when  the  first  fossil 
Birds  from  this  country  were  described  by  the  writer,*  but  two 
additional  species  have  been  announcea :  an  extinct  Turkey, 
Mdeagris  altua  Marsh  {M.  superbus  Cope),  fix)m  the  Post-Ter- 
tiary of  New  Jersey,t  and  a  Gannet,  Sula  loxostyla  Cope,  from 
the  Miocene  of  North  Carolina.!  A  special  search  was  made 
by  the  Yale  party  last  season  for  feird  remains,  and  a  number  of 
specimens  were  discovered,  most  of  which  were  not  suflSciently 
wdl  preserved  to  admit  of  accurate  determination.  The  few 
descrilbed  below,  although  imperfect,  are  auite  characteristic, 
and  form  an  acceptable  addition  to  the  rich  Tertiary  fauna  of 
the  West,  which  has  so  long  been  deemed  wanting  m  remains 
of  this  clas& 

Aquila  Dananua,  sp.  nov. 

An  extinct  species  of  Eagle,  nearly  as  large  as  the  modem 
Golden  Eagle  (Amiila  Canadensis  Cass.),  is  indicated  by  the 
distal  portion  of  a  left  tibia,  discovered  during  our  explorations 
in  the  Pliocene  beds  of  the  Loup  Fork  river.  The  specimen 
shows,  at  its  lower  extremity,  the  peculiar  fore  and  aft  flatten- 
ing, and  the  oblique,  tapering  supra-tendinal  bridge  over  a  deep 
canal,  so  characteristic  of  the  recent  birds  of  prey  belonging  to 
this  genus.  From  the  tibia  of  the  Golden  Eagle,  evident  a 
nearly  related  species,  the  present  fossil  may  readily  be  distin- 
guished, aside  from  its  inferior  size,  by  the  less  concave  inferior 
and  posterior  trochlear  surfaces,  ana  by  the  more  prominent 
and  well  defined  tubercle  at  the  center  of  the  ento-condyloid 
sorfiBU^ 

Mmntremenia. 

Width  of  condyles  infront, 8*      lines. 

Antero-posterior  diameter  of  inner  condyle, 6 '25     " 

Antero-posterior  diameter  between  condyles, 8 •$       " 

Thmsverse  extent  of  outlet  of  canal  below  bridge, 2'        ^* 

*Thi8  Journal,  yoL  zliz,  p.  206,  18*70. 

f  Proceedings  FhiladelphiA  Acad.  Nat  Sdences,  18*70,  p.  11,  and  American 
Kttonlist,  ToL  ir,  p.  817.  %  Sjnopfiis  of  Extinct  Batrachia,  ftc,  p.  286. 
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This  unique  specimen  was  discovered  in  July  last  by  Mr.  A. 
H.  Ewing,  in  a  Pliocene  bluff  on  the  Loup  Fork  river.  The 
species  is  named  in  honor  of  Professor  James  D.  Dana 

Meleagris  antiquus,  sp.  nov. 

A  large  Gallinaceous  Bird,  approaching  in  size  the  wild  Tur- 
key, and  probably  belonging  to  the  same  group,  was  a  cotem- 
porary  of  the  Oreodon  ana  its  associates,  during  the  formation  of 
the  Miocene  lake  deposits  east  of  the  Rocky  Mountain&  The 
species  is  at  present  represented  only  by  a  few  fragments  of  the 
skeleton,  but  among  tnese  is  a  distal  end  of  a  right  humerus, 
with  the  characteristic  portions  all  preserved.  The  specimen 
agrees  in  its  main  features  with  the  humerus  of  Meleagris  gaUo- 
pavo  Linn.,  the  most  noticeable  points  of  difference  being  the 
absence  in  the  fossil  species  of  the  broad  longitudinal  ridge  on 
the  inner  surface  of  the  distal  end,  opposite  the  radial  condyle; 
and  the  abrupt  termination  of  the  ulnar  condyle  at  its  outer, 
superior  border. 

MeaatMrements, 

Greatest  diameter  of  humerus  at  distal  end, 12*    liiie& 

Transverse  diameter  of  ulnar  condyle, 8*4     " 

Vertical  diameter  of  same, 4*       ** 

Transverse  diameter  of  radical  condyle, 4*26  " 

The  specimens  on  which  this  species  is  based  were  discovered 
by  Mr.  (j.  B.  Grinnell,  of  the  Yale  party,  in  the  Miocene  clay 
deposits,  of  Northern  Colorado. 

Buho  leptosteuSj  sp.  nov. 

Several  imperfect  specimens  of  bird  bones  were  found  in  the 
early  Tertiary  beds  oi  the  Green  river  basin,  only  one  of  which, 
however,  the  distal  half  of  a  left  tibia,  is  sufficiently  charac- 
teristic to  suggest  the  near  affinities  of  this  species  to  which  it 
pertained.  This  specimen  shows  that  the  tibia,  when  entire, 
was  a  slender,  nearly  straight  bone,  much  compressed  in  an 
antero-posterior  direction  at  its  distal  end,  and  having  similar 

?roportions  to  the  same  bone  in  the  SfrigidcBj  or  Owl  family, 
'he  near  resemblance  is  rendered  especially  striking  by  the  en- 
tire absence  of  the  osseous  supra-tenainal  bridge,  which  is  want- 
in  this  group,  and  in  a  lew  other  birds  with  which  the 
present  species  is  apparently  less  nearly  allied.  The  fossil 
under  consideration  would  indicate  a  species  about  two-thirds 
the  size  of  the  Great  Horned  Owl  {Bubo  Virginianus  Bon.),  the 
tibia  of  which  it  resembles  in  nearly  all  essential  particulars. 
There  is,  however,  no  trace  of  a  fibular,  ridge  on  the  outer  sur- 
face of  the  distal  end,  as  in  that  species,  or  on  the  portion  of  the 
shaft  preserved ;  which  would  seem  to  imply  a  generic  differ- 
ence between  the  two  forms,  and  additional  material  will  doubt- 
less prove  such  to  be  the  case. 
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Meaawemtnta. 

Len^h  of  portion  of  tibia  preserved, 15"    lines. 

Width  of  condyles  in  front, 6*6      " 

Transverse  anterior  diameter  of  inner  condyle, 2'6      " 

Transverse  anterior  diameter  of  outer  condyle, 1  '8      " 

This  specimen,  the  only  known  representative  of  the  species, 
was  found  by  the  writer  last  autumn  at  Grizzly  Buttes,  near 
Fort  Bridger,  Wyoming. 

Tale  College,  New  Haven,  June  12th,  18*71. 


Abt.  XVTTT. — Notes  on  the  distribution  of  the  Vegetation  of  Santo 

Domingo;  by  W.  M.  Gabb. 

Much  has  been  said  and  written  on  the  singular  phenomenon, 
exhibited  on  a  grand  scale  in  our  western  prairies  as  well  as  in 
South  America  and  elsewhere,  of  large  treeless  areas,  strongly 
circumscribed,  and  covered  with  grass.  Innumerable  theories 
have  been  advanced  to  account  for  the  absence  of  forest 
growths  over  these  tracts,  and  the  entire  absence  of  even  isolated 
trees  has  been  a  cause  of  unlimited  speculation.  This  is  the 
more  strange  since  it  is  found  that  w^en  trees  are  artificially 

Slanted,  they  flourish,  and  the  occupation  of  these  tracts  in  the 
[iasissippi  region  is  covering  them  with  vigorous  groves. 

Upwaras  of  two  years  of  residence  in  **  the  garden  of  the 
Antilles  "  has  given  the  writer  an  opportunity  of  studying  the 
matter  here,  as  well  as  of  making  some  general  observations  on 
the  distribution  of  the  vegetation  of  Santo  Domingo. 

To  most  persons  who  have  never  been  in  the  tropics,  the 
term  presents  a  vision  of  tangled  Jungles,  endless  climbing 
vines,  and  waving  palms.  Few  think  of  broad  swelling  prairies 
and  smiling  meadows  as  compatible  with  a  landscape  below 
the  Cancer.  But  both  exist  in  charming  variety,  not  only  in 
the  favorite  home  of  Columbus,  but  over  much  of  our  httle 
known  neighbor,  the  continent  of  South  America. 

On  the  Island  of  Santo  Domingo,  the  grass  and  tree  regions 
are  sharply  defined,  and  correspond  in  the  main  with  certain 
geological  featurea  First,  the  whole  mountain  region  is 
covered  with  tree-growth  to  at  least  a  little  distance  beyond  its 
basa  Second,  the  valley  of  the  Cibao,  the  great  valley  occupy- 
ing a  fourth  of  the  Republic  of  St  Domingo  proper,  and  run- 
ning east  and  west  on  the  north  side  of  tne  Island,  is  in  the 
main  a  tree  region,  with  scattered  savannas,  as  will  be  de- 
scribed ferther  on.  Third,  the  south  side  of  the  island,  outside 
of  the  mountain  tracts,  is  nearly  equally  divided  between  forest 
and  prairie. 
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Observation  proves  that  in  each  and  every  case  the  relation 
between  the  soil  and  its  growth  is  constant.  The  mountains 
are  composed  of  easily  decomposable  rocks,  which  prodnoe  a 
rich  soil.  This  supports  dycotyledonous  trees  of  an  infinitude 
of  species,  with  a  dense  undergrowth  in  which  climbing  vinea, 
some  with  trunks  three  and  four  mches  thick,  are  the  most  marked 
feature.  But  there  are  tracts,  more  especially  on  the  northern 
flanks  of  the  range,  where  the  soil  is  a  red  graveL  Here,  with- 
out reference  to  altitude,  (except  that  it  does  not  extend  into 
the  plains)  the  forest  growth  is  coniferous — a  tall  slender 
species  of  long  leaved  pine,  and  invariably,  under  the  pines  is 
a  scattered  growth  of  grasa  The  only  other  marked  effect  of 
altitude  on  the  vegetation  in  these  mountains  is  the  almost  in- 
variable existence,  above  a  height  of  say  2600  to  8000  feet,  of 
dense  thickets  of  a  tall  slender  fern,  which  renders  the  higher 
peaks  almost  absolutely  inaccessibla 

The  Tertiary  rocks,  which  constitute  the  Gibao  valley  and 
northern  range  of  mountains,  never  carry  pina  The  eastern 
half  of  the  valley  is  covered  in  part  with  a  very  deep  black 
mould,  always  bearing  dense  forests,  and  with  a  gravelly  or 
clayey  soil  always  covered  with  grass.  This  valley  lies  di- 
rectly in  the  course  of  the  trade  winds ;  its  eastern  end,  at  St^ 
mana  bay,  beiuff  open  like  a  funnel  to  draw  in  the  moisture-laden 
breezes  from  the  Atlantia  As  the  current  draws  down  the 
valley,  confined  by  the  hills  on  both  sides,  it  deposits  its  vapors 
so  liberally  in  the  Ve^a,  or  eastern  end,  that  by  the  time  it 
reaches  the  middle  of  the  valley,  it  is  perceptibly  dryer.  The 
inevitable  result  is  a  striking  change  in  the  vegetation.  The 
soil,  which  in  the  mountains  would  be  pine  lands,  or  in  the 
Vega  would  make  of  this  one  continuous  savanna  of  fifty  miles 
long,  here  bears  a  straggling  growth  of  low  Acacias  and  CactL 
Among  the  latter,  a  Gereus  of  twenty  to  thirty  feet  high  and  an 
arborescent  Opuntia  often  twenty  feet  high,  are  the  most  marked. 
In  the  more  fertile  soil,  both  on  the  lower  hills  and  in  the  val- 
ley, lignum  vitae  (Guayacan)  abounds,  and  logwood  (Gampeachy) 
frequents  the  moist  bottom.  Throughout  the  Gactus  and  Acadi 
tracts,  grass  grows  sparsely. 

The  mountains  approach  the  coast,  west  of  Santo  Domingo 
city,  leaving  small  plains  only,  until  near  the  great  bay  of  Ocoa. 
East  of  this  broad  spur  is  a  strip  of  plains  nearly  thirty  miles 
wide  extending  to  the  eastern  end  of  the  island.  The  underly- 
ing geology,  and  consequently  the  surface  soil,  is  here  divided 
into  two  well  marked  groups.  In  the  Post-pliocene  era,  the 
coast  line  followed  the  present  mountain  base,  and  the  mouth  of 
the  Jaina  river  was  twenty-five  or  thirty  miles  farther  northwest 
than  at  present.  Tliis  stream  runs  tnrough  a  region  of  hard 
rocks ;  and  its  debris,  now  spread  over  the  country  like  a  fan, 
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s  consequently  a  coarse  gravel,  gradually  changing  into  a  clay 
>r  8and|  as  the  distance  from  the  old  mouth  and  coast  line  in- 
aneases.  Still  further,  where  shore  influences  fade  out,  the  same 
ttrata  are  continued,  but  instead  of  appearing  as  a  loose  gravel, 
hey  become  calcareous,  and,  in  the  tnen  deep  sea,  cbange  to 
3eas  of  coral  limestone. 

The  underlying  gravels  sands  and  clays  are  always  covered 
irith  grass  while  the  calcareous  rocks  make,  as  invariably,  a 
Tee  r^on.  In  consequence  of  this,  the  whole  coast,  for  a 
indth  of  about  ten  miles  near  St  Domingo  city,  and  gradually 
Decerning  wider  eastward,  is  a  great  forest  covering  about  two 
Jiirds  of  the  plain.  Mahogany  grows  only  on  calcareous  soils, 
ind  this  is  tnus  the  great  mahogany-producing  region  of  the 
Republic     It  also  abounds  in  logwood. 

xhe  same  condition  of  the  winds,  though  in  a  less  degree 
than  in  the  north,  exists  on  the  south  sida  Saybo  is  a  rainy 
r^on,  Azua  is  dry.  About  thirty  miles  west  of  Sto.  Domingo, 
the  region  of  cactus  be^s,  the  acacias  straggling  ten  mues 
hrther  east  With  the  above  mentioned  species  of  Cereus  and 
[)pTintia,  a  small  Echinocactus  is  most  common  here.  Here 
igain  reappears  the  lignum-vitas  with  considerable  quantities  of 
fustic 

I  have  not  had  an  opportunity  of  examining  the  region 
northwest  of  Azua,  which  is  infested  bj  roving  bands  of  Hay- 
tian  marauders,  but  from  the  meager  mfonnation  I  have  been 
ible  to  obtain,  I  am  led  to  infer  that  there,  there  is  no  marked 
irariation  from  the  general  rule  of  the  rest  of  the  country. 

Throughout  all  the  savannas,  whether  on  the  north  or  south 
ride  of  tne  Island,  almost  every  depression,  and  every  water- 
course is  marked  by  its  clump  or  line  of  trees ;  the  spots  being 
squally  characterized  by  a  richer  soil,  brought  there  by  the 
mrfitce  drainage  of  rmn  waters.  This,  in  connection  with  the 
)ther  facts  stated  above,  points  to  the  inevitable  conclusion,  that 
the  richer  boils  produce  forest,  and  the  poorer,  grass  growtha 
bd^>endent  of  the  tendency  in  the  trees  to  monopolize  the 
richer  soil  and  kill  out  the  grass  by  their  shade,  there  comes 
in  to  the  aid  of  the  humble  growths  an  important  agency,  which 
prevents  or  retards  the  spread  of  the  forests  which  would  other- 
trifle  inevitably  overrun  all  the  grass  land  in  the  end.  This 
igencj  is  fire  The  edges  of  the  tree  tracts  are  as  sharply  de- 
med  as  if  attended  by  a  careful  gardener.  The  annual  fires  so 
loorch  and  burn  up  the  smaller  bushes,  the  advance  guards  of 
the  larger  trees,  that  it  is  doubtful,  in  the  process  of  encroach- 
dient,  which  has  the  advantage. 

Av.  Jous.  Sol— Third  Ssbrs,  Vol.  II,  No.  8.— August,  1S71. 
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Art.  XIX. — Brief  Contributions  to  Zoology  from  the  Museum  rf 
Yale  College,  {fo.  XV. — Descriptions  of  Starfishes  and  Ophi- 
urians  from  the  Atlantic  coasts  of  America  and  Africa ;  bj 
A.  E.  Verrill. 

The  genus,  &oniaster,  as  restricted  by  Dr.  J.  K  Gray  in  1840, 
includes  several  beautiful  species  of  starfishes,  which  are  still 
very  rare  and  imperfectly  known.  Dr.  Gray  named  three  spe- 
cies, without  givmg  descriptions  sufficient  for  their  identifica- 
tion, all  of  which  were  from  unknown  localities,  and  two  of  them 
were  apparently  known  to  him  onN  from  the  rude  figures  of 
Linck  and  Seba.  1  am  unable  to  refer  the  two  following  species 
to  either  of  the  species  named  by  him. 

Goniaster  Americanus^  sp.  nov. 

Form  pentagonal  with  deeply  and  regularlv  concave  edgea 
Badii  as  1 : 1'8.  Ravs  considerably  less  than  naif  the  dimneter 
of  the  disk,  triangular,  tapering,  with  slightly  incurved  8ide& 
The  disk  is  somewhat  convex,  especially  at  center,  and  covered 
with  rather  large,  polygonal  plates,  which  are  separated  bv  lines 
of  pores,  and  on  the  rays  by  small  groups  and  circular  closten 
of  granules.  The  plates,  unless  supporting  a  spine,  are  closely 
covered  with  small  polygonal  granules,  with  a  well-marked  lar- 
ger series  around  the  edge ;  those  that  bear  spines  have  the 
marginal  granules  and  two  or  more  series  of  the  smaller  ones 
around  the  base  of  the  spine.  In  the  center  of  the  disk  is  a 
single  spine,  around  this  are  five  larger  ones,  each  of  which  is 
the  first  in  a  row  of  4  to  8  spines  extending  along  the  middle 
of  the  ray,  but  usually  interrupted  by  plates  destitute  of  spines; 
bordering  the  middle  of  the  central  row,  on  each  side,  there  is 
a  row  of  5  or  6  similar  spines ;  outside  of  these  a  row  of  8  or  4 
smaller  spines ;  and  beyond  these  usually  1  or  2  spines ;  thus 
the  middle  region  of  each  ray  has  a  broad-oval  group  of  spines, 
broadest  towwd  the  center  of  the  disk. 

The  groups  of  spines  are  separated  by  depressed  intern- 
dial  zones,  destitute  of  spines ;  in  each  of  tnese  there  is  a 
rounded  plate,  outside  of  and  alternating  with  the  spines  of  the 
central  pentagon ;  beyond  these  there  are,  in  four  ot  the  zones, 
a  pair  of  rather  large  plates,  in  contact  by  their  straight  inner 
margins;  in  the  fifth  zone  a  large  convex  madreporic  plate 
takes  tlie  place  of  these.  The  upper  marginal  plates  are  14  to 
each  iuterradial  margin,  about  as  long  as  broad,  very  convex. 
the  three  median  ones  largest,  and  rising  into  two  blunt  tu- 
bercles or  spines,  which  are  united  at  base ;  most  of  the  others, 
except  the  penultimate  ones,  bear  a  single,  conical,  blunt  tuber- 


cent  me 
»,  accreas 


cle,  decreasing  in  size  toward  the  end  of  the  ray.     Lower  mar- 


A.  K  Verrill  on  Starfishes  and  Ophiurians.  131 

cial  plates  22  to  each  margin,  the  median  ones  smooth,  con- 
X,  nearly  twice  as  high  as  wide,  the  lateral  edges  straight  and 
contact ;  those  toward  the  ends  of  the  rays  become  rounded, 
out  as  broad  as  high,  and  the  last  four  or  five  plates  bear  sin- 
e,  stout,  blunt  tubercles.  The  marginal  plates  are  surrounded 
r  either  one  or  two  rows  of  granules.  The  plates  of  the 
wer  surfece  are  closely  covered  with  polygonal,  round-topped 
anules,  smallest  toward  the  edges  of  the  plates ;  a  few  plates 
jar  the  mouth  bear  one  or  two  stout  central  tubercles ;  others 
ar  the  ambulacral  grooves,  and  especially  toward  the  margin, 
ive  a  smooth  central  area,  perforated  by  one  or  more  small 
>res  and  bearing  as  many  peculiar  pedicellarise,  which  consist 
'  two,  slender,  spatulate,  or  spoon-snaped  blades,  often  curved 
terally,  and  usually  seen  widely  open,  when  they  are  received 
to  grooves  or  pits  in  the  plate,  exactly  fitted  to  their  forms, 
milar  pedicellarias  of  smaller  size  exist  at  the  base  of  many 
'  the  dorsal  spines. 

The  interamoulacral  plates  bear,  at  their  inner  edges,  a  row 
'  about  4,  prismatic,  nearly  equal,  blunt,  spines ;  and  outside  of 
ese  an  irregular  crowded  group  of  4  to  6,  stouter,  but  scarcely 
nger,  blunt  spines,  the  outer  ones  shorter ;  these  form  three 
K)ur  irregular  rows. 

Badius  of  disk  1*45  inches;  of  rays  2*60;  length  of  largest 
)rsal  spines  "30 ;  diameter  •20  of  an  inch.     Color  of  the  dried 
»ecimen  yellowish  brown,  when  fresh  bright  red. 
Off  Charleston,  S.  C,  from  the  mouth  of  a  Black-fish, — Prof. 
U.  Shepard. 

Gomasier  Africanus^  sp.  nov. 

Depressed,  pentagonal,  with  shorter  rays  and  less  concave 
Iges  than  the  preceding  species.  Badii  as  1 :  1*6.  Rays  broad 
[angular,  obtuse,  the  last  upper  marginal  plates  larger  than  the 
hers  and  more  swollen.  Plates  of  the  upper  suriace  smaller 
id  more  numerous  than  in  the  preceding,  and  more  coarsely 
id  irregularly  granulated.  Spines  smaller,  but  much  more 
imerous,  the  clusters  scarcely  separated  and  covering  most  of 
e  surface ;  the  median  row  of  tne  rays,  with  10  to  12  spines ; 
c  first  laterals  with  about  as  many ;  the  second  laterals  with 
or  6 ;  the  third,  with  3  to  5.  Upper  marginal  plates  10  to 
ch  interradial  margin,  smooth,  convex,  the  median  ones  nar- 
west,  higher  than  broad ;  the  last  one  largest,  rounded,  very 
>nvex ;  none  bear  spines  or  tuberclea  Lower  marginal  plates 
J  to  each  margin,  smooth,  convex,  destitute  of  tubercles,  except 
x^asionally  a  minute  one  on  some  of  the  last  plates.  Ventral 
lates  covered  with  very  unequal  rounded  granules,  those  on 
he  central  part  much  larger  than  the  others,  in  the  form  of  small 
ound  tubercles.     No  pedicellarias  observed.     Interambulacral 
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spines  arranged  much  as  in  the  preceding,  but  more  slender  and 
less  numerous,  the  outer  ones  forming  two  or  three  rowa 

Badius  of  disk  1*06;  of  rays  1*70;  length  of  longest  spines 
•17 ;  diameter  '12  of  an  incL  Color  of  dried  specimens  li^ 
orange-red. 

West  Coast  of  Africa,— Capt  W.  W.  HalL  Received  fiom 
the  Peabody  Academy  of  Science,  Salem,  Masa 

AmphipJiolis  abdita^  sp.  nov. 

Disk  small ;  arms  much  elongated,  about  12  times  the  diam- 
eter of  the  disk,  of  nearly  uniform  diameter  throughout  the 
greater  part  of  their  lengtL 

Six  mouth-papillse  in  each  an^le  of  the  mouth,  and  two  to 
four  additional  small  rounded  papillae,  or  tentacle  scales,  near  the 
extreme  outer  angle.  Two  of  the  mouth-papillae  on  each  side 
are  placed  close  together,  at  about  the  middle  of  the  edge  of  the 
jaw ;  the  outer  of  these,  which  is  about  twice  as  wiae  as  the 
inner,  is  flat,  scarcely  longer  than  wide,  with  the  end  obtusely 
rounded  or  truncate ;  the  inner  one  is  scarcely  wider  than  thicE, 
oblong,  rounded  at  the  end ;  in  one  case  these  two  papilln  are 
united  together.  The  third  mouth-papilla  is  stout  and  rounded, 
obtuse,  larger  and  longer  than  eitner  of  the  others,  separated 
from  them  by  a  considerable  interval,  and  brought  close  to  the 
tooth  at  the  end  of  the  jaw,  beyond  which  it  projects  inwardly 
and  downwardlv. 

The  mouth-snields  are  long-oval,  narrowed  outwardly,  the 
outer  part  of  the  lateral  edges  being  nearly  straight,  the  outer 
end  rounded,  the  inner  end  broadly  rounded.  Side  mouth- 
shields  triangular  with  the  three  edges  concave,  the  inner  ends 
not  united,  the  surface  finely  granulated.  The  lower  arm-plates 
are  separated  by  the  side  plates ;  the  two  first  are  longer  than 
broad,  pentagonal,  the  inner  end  forming  an  obtuse  angle,  the 
outer  edge  straight ;  the  two  next  are  about  as  wide  as  long, 
squarish,  with  the  comers  rounded  or  truncate ;  the  following 
ones  are  broader  than  long,  somewhat  octagonal,  the  outer  and 
inner  edges  longest  and  nearly  straight ;  beyond  the  middle  of 
the  arm  they  are  again  pentagonal,  with  an  inner  angle.  On 
the  first  five  joints  there  is  usually  only  a  single  pair  of  tentacle- 
scales,  which  are  small  and  rounded  ;  on  the  succeeding  joints 
there  are  generally  two  pairs,  one  of  them  being  considerably 
smaller  than  the  other. 

Arm-spines  three,  on  all  the  joints  except  the  first,  which  has 
but  two ;  they  are  thickened  at  base,  gradually  tapering,  blunt 
at  tip,  subequal,  the  lower  ones  a  little  curved  downward; 
lengUi  about  equal  to  width  of  lower  arm -plates.  The  upper 
arm-plates  are  transversely  subellij)tical,  with  the  outer  edge 
well  rounded,  the  inner  edge  slightly  prominent  or  angular  in 
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le  middle,  and  a  little  concave  to  either  side,  so  that  the  lateral 
ortions  are  somewhat  narrowed;  the  plates  generally  touch 
ich  other,  but  scarcely  overlap,  unless  close  to  the  base  of  the 
rms.  The  upper  surface  of  the  disk  has  been  destroyed  in 
le  only  specimens  seen.  Diameter  of  disk  about  '38  of  an 
ich ;  length  of  longest  arms  (broken  at  the  ends)  4  inches. 

CJolor  in  alcohol  uniform  light  yellowish,  when  living  tinged 
ith  greenish. 

OflF  Thimble  Islandfi  and  Savin  Eock,  near  New  Haven,  in  8 
>  6  fathoms,  muddy  bottom,  living  buried  in  the  mud  with  one 
rm  thrust  out  of  its  burrow. 

I  have  been  aware  of  the  existence  of  this  species  for  several 
ears,  having  on  several  occasions  dredged  a  single  detached 
rm,  but  it  was  not  until  last  autumn  that  I  succeeded  in  obtain- 
ig  a  specimen  with  the  disk,  and  even  in  this  the  covering  of 
le  dorsal  side  was  destroyed. 

It  is  somewhat  allied  to  A,  gracillima  (Stimpson),  of  S.  Caro- 
na,  and  has  similar  habits.  The  latter  has  more  slender  arms, 
)Tir  or  five  arm-spines,  and  diflferent  mouth  parts. 

Ophiophragmus  Wurdemanm  Lyman,  Catalogue,  p.  132. 

This  species  is  common  at  Fort  Macon,  N.  C,  living  in  the 
md  at  low  water,  where  it  was  obtained  by  Dr.  A.  S.  rackard 
Qd  Dr.  Elliott  Coues.  It  varies  considerably  in  color,  some 
>ecimens  being  yellow,  with  few  dark  markings ;  in  others 
le  dark  brown  bands  predominate.  The  disk  is  brown  above, 
ghter  below. 

The  arms  are  very  long  and  slender.  One  of  the  largest  has 
le  arms  6  inches  long,  and  the  disk  '4  in  diameter.  The 
saling  of  the  disk  is  variable,  and  generally  coarser  than  in 
[r.  Lyman's  type  specimens.  The  radial  shields  are  usually  in 
mtact  The  under  arm-plates,  near  the  base  of  the  arms,  are 
naiginate  and  slightly  bilobed. 


.BT.  XX. — Notice  of  the  Meteoric  Stone  of  Searsmont^  Maine ; 
by  Charles  Upham  Shepard,  Mass.  Prof  of  Natural  His- 
tory in  Amherst  College. 

Fob  the  particulars  concerning  the  fall  of  the  Searsmont 
leteorite  I  am  indebted  to  Mr.  E.  B.  Sheldon,  postmaster  of  the 
Ijoining  village  of  Searsport,  and  to  the  Eepublican  Journal 
f  Belfast,  Maine,  of  Thursday,  May  25th. 

Mr.  Edward  Burgess  of  Searsmont  furnished  the  short  notice 
cmtained  in  the  newspaper.  He  states  that  the  fall  took  place 
a  the  southern  part  of  trie  town,  at  about  8  o'clock  on  Sunday 
noming,  the  21st  instant     "  There  was  first  heard  an  explo- 
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sion,  like  the  report  of  a  heavy  gun,  followed  by  a  rushing 
sound  resembling  the  escape  of  steam  from  a  boiler.  The 
sound  seemed  to  come  from  the  south,  and  to  move  northwardly. 
The  stone  fell  in  the  field  of  Mr.  Bean,  the  flying  earth  being 
seen  by  Mra  Buck,  who  lives  near.  The  hole  that  it  made 
was  soon  found  and  the  stone  dug  out  It  was  quite  hot  and 
so  much  broken  as  to  be  removed  only  in  piecea  The  outside 
shows  plainly  the  effect  of  melting  heat  It  struck  with  such 
force  as  to  penetrate  the  hard  soil  to  a  depth  of  two  feet" 

The  following  is  the  substance  of  Mr.  Sheldon's  letter.  Mr. 
Luce,  who  dug  the  stone,  tells  me  he  reached  the  spot  about 
fifteen  minutes  after  it  struck,  when  he  found  the  fragments 
still  quite  warm.  The  largest  piece  weighed  two  pounda  All 
together,  the  pieces  amounted  to  twelve  pounda  They  emitted 
the  odor  given  off  by  stones  violently  rubbed  together.  The 
hole  produced  by  the  descent  was  vertical  in  its  direction,  and 
two  feet  in  depth.  The  character  of  the  soil  was  a  hard,  coarse 
gravel ;  and  tlie  shattering  of  the  stone  was  produced  by  its 
finally  meeting  three  large  pebbles,  (each  about  four  pounds  in 
weight)  in  the  course  of  its  descent  "  Mrs.  Buck,  who  saw  it 
fall,  or  rather  saw  the  scattering  of  the  soil  on  its  entering 
the  ground,  was  reading  at  the  time  in  the  house,  distant 
about  thirty  rods  from  the  spot  The  time  was  15  minutes  past 
eight  She  first  noticed  a  report  about  as  loud  as  that  of  a 
heavy  gun,  or  of  a  rock-blast,  such  as  they  hear  from  a  lime- 
quarry  situated  about  a  quarter  of  a  mile  distant  This  was 
followed  by  a  rumbling  noise,  as  of  a  number  of  carriages 
j)assing  over  a  bridge,  ohe  rose  and  looked  out  from  a  back 
door,  then  re-crossed  the  room  to  the  front  door,  where,  aft«r  the 
lapse  of  about  ten  seconds,  she  saw  the  dirt  in  motion  from 
the  contact  of  the  stone  with  the  earth.  She  thought  it  must 
have  been  nearly  two  minutes  from  the  first  report,  until  the 
stone  struck  the  ground.  No  one  went  to  the  place  for  20  or 
25  minutes.  The  report  was  heard  in  Wan'en,  twelve  miles  to 
the  southwest ;  likewise  a  hissing  sound  as  of  escaping  steam. 
No  report  or  sound  was  heard  in  Searsmont  village,  three  miles 
to  the  northeast" 

Through  the  kind  assistance  of  Mr.  Sheldon,  I  am  in  posses- 
sion of  the  largest  remaining  mass  of  this  meteorite.  Its  weight 
is  two  ])ounds.  Fully  one-lialf  of  its  surface  is  coated  with 
the  orJLnnal  crust  Its  sha])e  would  seem  to  denote  an  oval 
suhconical  figure  in  the  original  mass,  with  a  flattish  base,  so 
as  on  the  whole  to  have  apj^roached  the  shape  of  the  famous 
Duralla  (India)  stone,  (Feb.  IS,  1815),  now  j^reserved  in  the 
British   Museum.*     The  coated   part  of   my  specimen,  which 

*  Of  wliich  I  possess  an  excellent  model,   j)res'  nted  mo  while  that  stone  was 
still  in  the  collection  of  tlie  East  Fndia  House. 
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•rresponds  to  a  portion  of  what  constituted  the  base  of  the 
ipposed  cone,  differs  in  shape  and  color  from  the  two  oval 
idulating  sides,  which  make  therewith  angles  of  between  60° 
id  70^.  The  broadest  of  these  sides  (above  three  inches  in 
ngtb)  where  it  meets  the  base,  fonns  a  blunt  rounded  edge, 
ODscTirely  striated  vertically  to  the  intersection,  and  shows  a 
ight  thicKening  about  the  edge,  as  if  matter  had  been  swept 
rer  from  above  and  accumulated  somewhat  on  the  under  side, 
otbing  is  plainer  than  the  distinction  in  character  between 
le  upper  sides  and  the  base.  The  crust  of  the  latter  is  per- 
ctly  black,  more  thoroughly  fiised,  with  a  blebby,  somewhat 
assy,  reticulated  surface,  whose  lines  are  without  any  order ; 
hile  the  upper  surfaces  are  more  even  and  almost  destitute  of 
le  blebby  and  veined  appearanca  Feeble  striae  are  visible 
5ar  the  basal  side,  all  of  wnich  are  perpendicular  to  the  same, 
he  color  of  the  upper  surfaces  is  brownish  black ;  and  these 
•e  wholly  without  luster. 

The  thickness  of  the  crust  is  more  than  double  that  found  in 
ly  stone  belonging  to  my  collection, — amounting  at  least  to 
le-sixteenth  of  an  inch.  The  stone  is  rather  below  the  average 
respect  to  frangibility.  The  color  is  bluish-white,  and  remark- 
)ly  uniform,  except  from  feeble  stains  of  peroxide  of  iron, 
idffrom  silvery  white,  metallic  points,  produced  by  the  meteoric 
3n.  More  than  half  the  stone  is  in  the  form  of  rounded 
-ains,  mostly  with  roughened  or  drusy  surfaces,  and  of  a  size 
rely  exceeding  mustard  seeds.  Between  these,  and  often 
irtially  coating  them,  is  a  fine  grained  subcrvstalline  white, 
•  CTayish-white  mineral,  which  I  take  to  be  chladnite.  It  is 
t  ner  loosely  coherent,  and  without  visible  crystalline  structure. 
ideed,  as  seen  by  the  microscope,  it  is  often  porous,  reminding 
le  of  the  siliceous  skeletons  obtained  in  fluxing  certain  sili- 
.tes  in  blowpipe  experiments.  This  white  mineral  may  form 
quarter  or  more  of  the  stone. 

The  rounded  globules  are  bluish-gray,  rarely  with  a  feint 
Qge  of  yellow,  vitreous  in  luster  and  translucent,  with  two 
aperfect  oblique  cleavages.  On  the  whole,  they  resemble  the 
naltered  grains  of  boltonite  more  than  any  of  our  terrestrial 
linerals ;  and  differ  only  in  their  greater  tendency  to  assume 
le  globular  figure. 

Minute  points  of  bright  meteoric  iron  are  very  thickly  scat- 
tred  through  the  mass.  A  few  grains  of  troilite,  the  largest 
F  the  size  of  small  kernels  of  Indian  com  (maize),  likewise 
resent  themselves;  together  with  a  single  blackish  mass  of 
milar  dimensions,  which  on  being  touched  with  the  point  of 
knife  was  found  to  be  soft,  and  left  a  bright  metallic  streak, 
i  is  pn>bably  a  plumbaginous  aggregate.  Sp.  gr.  of  the  aggre- 
ate  =  3-626. 
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In  general  character,  it  approaches  most  nearly  to  the  stones 
of  Quenggouk  (Pegu.  Indian  tliat  fell  Dec.  27,  1857,  diffw- 
ing  trom  tnem  in  having  more  of  the  fine  whitish  gangue,  and 
in  ]xi?sessing  a  thicker  and  more  blebbv  crust  It  also  presents 
points  of  resemblance  to  the  Aussun  (France)  meteorite  of  DecL 
9.  1S58:  but  the  latter  has  a  much  thinner  crust,  a  darker 
colored  general  basis  or  gangue.  much  larger  globules,  and  at 
the  same  time,  it  is  a  firmer  stone. 

There  is  even  an  internal  similarity'  between  the  Searsmont 
meteorite  and  that  of  Duralla.  Thev  approach  each  other  in 
the  thickness  and  ereneral  character  of  the  crust:  but  the  whole 
of  the  latter  is  darker,  and  the  regularity  in  the  shape  of  its 
globules  is  less  marked. 

Should  I  succeed  in  recovering  a  portion  of  the  now  widely 
scattered  fragments  of  this  interesting  stone,  I  shall  enter  upon 
a  more  detailed  examination  of  its  character. 


Letter  tf»  the  Editors  from  Dr.  B.  A.  Goru),  Dirtcior  of  the 
Cordoba  Observatory^  dat^d  Cordoba^  April  26,  1871. 

[ConclDded  from  pice  80.] 

The  ma^ificence  of  the  Milky  Way  in  this  vicinity  is  indescribabJe,  ma- 
paBsincr  the  Pleiaden  or  the  Prcsepe  in  richness,  and  exhibiting'  numeraoi 
hu^e  clusters,  the  si^t  of  which  through  the  Tolles  telescope  evokes  excla- 
mations of  astonishment  and  delight  from  every  beholder,  young  or  old, 
whether  with  or  without  astronomical  information.  Keen  as  was  my  deiire 
for  a  photoierraphic  equipment  before  leaving  home,  it  has  been  ft  hundred-fold 
increased  since  I  began  the  survey  of  this  most  gorgeous  of  M  the  regioM 
of  the  sky.  Even  yet  I  have  not  abandoned  souie  hope  that  the  friendi  of 
astronomy  at  home  may  be  disposed  to  proride  means  for  some  pennsDent 
photographic  record  of  these  magnificent  groups  and  splendid  double  stin. 
The  transparency  of  the  atmosphere  would  greatly  reduce  the  needful  time  of 
exposure,  and  it  gives  peculiar  opportunities  for  the  success  of  the  photo- 
gniphic  method  in  other  respects. 

The  news  from  the  Eclipse-observers — so  long  and  anxiously  expected— is 
just  beginning  to  arrive;  our  mail  facilities  having  been  sadly  inteifered  with 
by  the  quarantine,  established  at  Rosario,  which  has  for  more  than  twomonthi 
placed  an  absolute  interdiction  upon  all  personal  communication  with  Baenoi 
Aires.  From  such  accounts  of  the  eclipse  as  have  yet  come  to  hand,  it  would 
seem  that  the  results  tend  to  confirm  the  doctrine  that  the  corona  is  of  a  com- 
posite chiracter,  althou^rh  this  idea  met  with  such  opposition  prior  to  the 
eclipse :  but  that  my  other  obser>'ation,  to  which  I  attribute  a  good  deal  of  im- 
port ince,  viz: — the  ch;inge  of  outline  in  the  more  conspicuous  and  external 
pf)rti«m  of  the  phenom-^non  durin^j  the  period  of  totality  was  neither  verified 
nor  thv  reverse,  since  the  antiivonblo  iitinosplieric  intiucnces  appear  to  have 
cut  otT  this  part  of  the  exliihition  at  those  few  stations  from  which  accounts 
have  been  received  here.  Vou  may  imagine  with  what  eager  interest  we  are 
awaitiniT  the  arrival  of  more  detailed  accounts  from  Europe  or  the  United 
States. 

You  have  unquestionably  heard  of  the  fearful  pestilence  which  has  been 
desolatinir  the  capital  of  this  republic.  The  yellow  fever,  which  brc»ke  out 
there  at  the  close  of  Januarv,  has  made  such  ravages  that  all  commerce  has 
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spended,  banks  and  public  offices  are  closed,  and  not  less  than  fths  of 
ulation  have  fled  to  the  suburbs.  The  gates  of  the  only  practicable 
the  interior  of  the  country  have  been  closed  by  the  absolute  interdic- 
travel  which  the  municipal  authorities  of  Rosario  have  succeeded  in 
Lg,  notwithstanding  the  fever  appears  to  have  been  purely  local,  and 

no  authentic  account  of  the  disease  being  communicated  in  a  single 
the  distance  of  five  miles  from  the  center  of  the  city.  A  few  fatal  cases 
ceorred  where  the  patient  lefl  the  city  after  contracting  the  infection, 
great  majority  in  such  cases  have  recovered.  Within  the  city  limits 
Q08  Aires,  the  mortality  has  been  terrific,  reaching  at  one  time  a  daily 
)  of  500  in  a  population  reduced,  by  the  flight  of  .all  who  could  escape, 
mber  probably  not  much,  if  at  all,  exceeding  50,000. — The  official  re- 
ive a  total  of  more  than  15,000  deaths  from  yellow  fever  since  the 
of  February  up  to  which  time  the  fatal  cases  were  restricted  to  a  single 
nd  seldom  amounted  to  more  than  eisht  or  ten  a  day.  At  first,  too, 
ter  classes  escaped,  but  ultimately  all  classes  were  attacked  indis- 
tely,  and  in  all  parts  of  the  city.  The  disease  is  at  present  on  the 
aite  rapidly,  and  the  telegraph  officials  are  returning  to  their  posts,  so 

are  in  daily  receipt  of  more  encouraging  accounts. 
D^  the  minor  evils  of  this  fearful  epidemic  have  been  the  financial  ir- 
ities  from  which  not  only  all  government  institutions,  but  likewise  all 
rcial  and  social  relations,  have  suffered.  Even  the  Observatory  has  not 
I  its  share  of  these,  although  all  public  officers  have  done  their  best  in 
ilf,  and  have  shown  a  most  gratifying  and  encouraging  interest  The 
I  and  authorities  of  Cordoba,  too,  have  shown  themselves  desirous  of 
08  on  all  occasions  and  in  every  way,  and  the  Observatory  has  suffered 
Uy  less  than  other  public  institutions  in  this  exceptional  condition  of 

ientific  faculty  is  now  organizing  in  this  ancient  university ;  and  the 
yn  of  Chemistry,  Botany,  and  Mmeralogy  have  arrived  from  Germany 
»  already  engaged  in  their  respective  researches.  The  flora  of  this 
seems  to  be  a  cliaracteristic  one,  but  to  contain  a  peculiarly  small  num- 
rpecies.  The  professor  of  botany  is  making  extensive  collections,  firom 
>ur  own  museums  will  doubtless  profit  in  good  time. 
"6  this  reaches  you,  I  trust  that  not  only  will  the  observatory  have  been 
ted  by  the  erection  of  the  portion  which  lefl  the  United  States  in  Jan- 
id  i<%  probably  at  this  very  moment  in  the  waters  of  the  River  I^  Plata, 
g  the  reopening  of  the  port  of  Buenos  Aires,  but  also  that  our  regular 
ork  will  have  fairly  begun.  Still  we  have  become  inured  to  delays,  and 
3roas  prosecution  of  the  Uranometry  leaves  no  time  to  be  consumed  in 
Ltions. 

)VL  know  of  any  good  man  who  has  a  few  thousand  dollars  which  he  is 
d  to  contribute  to  the  advancement  of  Astronomy,  please  tell  him  that 
jre  few  if  any  ways  in  which  they  could  be  so  eTOctively  bestowed, 
tcuring  photographs  of  the  Southern  sky  at  the  present  time.  I  have 
e  here  the  object  glass  with  which  Mr.  Rutherfurd  took  his  magnificent 
■aphs  of  the  Moon,  the  Pleiades,  the  Pnesepe  and  the  cluster  in  Per- 
la  am  only  in  need  of  a  mounting  for  the  telescope,  chemical  equip- 
md  a  trained  photographer,  all  of  which  a  little  money  would  enable  us 
re  without  delay. — -With  these  appliances,  more  astronomical  material 
sort,  to  which  the  photographic  method  is  specially  adapted,  could  be 
d  in  two  years,  than  wiUiout  it  in  twenty.  And  this  material,  once 
,  can  be  elaborated  at  any  subsequent  time  and  the  work  repeated  by 
nber  of  independent  investigators. 
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L  Chemistry  and  Physics. 

1.  On  the  Spectrum  of  Uranus, — ^The  spectrum  of  UraDus  wu 
first  obsen-ed  by  Secchi  in  1869.  He  uoticed  a  complete  abeorp- 
tion  of  the  yellow  rays,  while  there  were  two  large  black  bands, 
one  in  the  green  and  the  other  in  the  blue.  The  band  in  the  blue 
was  less  refrangible  than  F ;  that  in  the  &:reen  was  near  E.  Mr. 
Huireins  has  obser^'ed  the  spectrum  of  this  planet  with  a  15-inch 
refractor  by  Messrs.  Grubb  &  Son.  and  has  determined  the  exist- 
ence and  position  of  six  strong  absorption  bands.  The  positions 
of  these  bands  were  measured  by  means  of  the  micrometer  and  by 
comparison  with  the  spectra  of  terrestrial  substances.  The  strong- 
est of  the  lines  has  a  wave  length  of  about  0-000644'°".  T£b 
others  corresponded  respectivelv  to  wave  lengths  of  about 
0000572- ■,  OOOOSOS^^"^,  O-OOOeiS^"^^,  0-000486""  and  0-0D06.34'"* 
The  band  at  0'000o72''"'  is  nearly  as  broad  but  not  as  dark  as  that 
at  0000544''"^.  The  band  0-o6o4S6^-"-^  corresponds  to  P  of  the 
solar  spectrum.  The  author  found  that  the  absorption  bands  of 
Uranus  could  not  be  ascribed  to  the  presence  of  carbonic  acid, 
au'l  also  til  at  there  is  no  strong  line  in  the  spectrum  of  the  planet 
which  corresponds  to  the  strongest  of  the  air  lines,  the  aonble 
line  of  nitrogen,  although  the  two  planetary  bands  0-000595"™ 
and  0-0006 Is''-''-  verv  nearly  coincided  with  bright  lines  of  air.— 
Proc€edin^j9  of  the  Tioyal  Society  ^  and  Xature^  for  June  ]«^  1871. 

w.  G. 

2.  On  the  application  of  the  Spectroscope  to  the  measurement 
and  comparison  of  the  intensity  of  colored  lights  and  to  the  quoHr 
titativK  defenn  tnation  of  Coloripig  JIatters, — Vikrordt  has  sue- 
ceeJeJ  in  applying  the  spectroscope  to  quantitative  determina- 
tions i»f  considerable  interest  and  importance.  To  determine  the 
relative  intensity  of  the  light  of  different  portions  of  the  spectram, 
the  autlior  emplovs  a  spectroscope  provided  with  the  ordinary 
scale  telescope,  l* he  scale  itself  is  however  removed,  and  a  slit 
arraiiirinient  similar  to  that  of  the  collimator  substituted.  This 
slit  is  illuminated  bv  a  constant  source  of  light,  which  ser^'es  as 
the  standard.  The  intonsitv  of  this  light  may  be  varied  either  by 
varying  the  width  of  the  slit,  by  changing  its  distance  from  the 
sourt-e  of  light,  or  bv  the  employment  of  smoke-tinted  glasses  as 
absorbini:  media,  'f  he  iniajxe  of  the  slit  beine:  reflected  from  the 
surf  are  of  emergence  of  the  prism  aj»i»ears  su|ierhcial  upon  the 
spectrum,  and  when  the  intensity  ot  the  white  liirlit  from  the  con- 
sTant  -niirce  is  sulHoiontly  intinst.',  the  Sj'cctral  color  at  a  given 
point  will  (lisai»pcar.  It'  now  the  intonsitv  of  this  light  is  dimin- 
ished irradually,  a  p^iiit  will  W  arrive.l  at  for  which  the  parts  ot 
the  field  «if  view  illuminatt  •!  l>y  the  pure  spectral  colors  can  no 
longer  be  distinirui^lieil  from  \\x  corresponding  part  illuminated 
at  the  same  time  by  the  spectral  c.»i"r>,  and  by  the  faint  white 
light.     It  is  to  be  borne  in  mind  that  it"  the  dark  lines  in  the  i>|»ec- 
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are  vertical,  the  white  image  of  the  slit  occupies  only  a  por- 
of  the  central  line  of  the'  spectrum,  so  that  the  pure  spectral 
8  admit  of  direct  comparison  with  those  which  are  ailuted 

superficial  white  light.  The  principle  of  measurement  de- 
s  therefore  upon  the  capacity  of  the  eye  to  distinguish  dif- 
ces  of  intensity  of  light  of  different  colors.  For  the  descrip- 
of  the  apparatus  employed  and  the  details  of  the  method,  we 

refer  to  the  original  paper.  The  author  describes,  however, 
part  of  the  apparatus,  which  we  shall  here  notice  as  a  valua- 
ddition  to  the  spectroscope  when  used  for  other  purposes. 

consists  of  a  moveable  plate  carrying  an  adjustable  slit, 
h  is  introduced  into  the  eye-piece  of  the  observing  telescope, 
at  the  plane  of  the  slit  coincides  with  that  of  the  image.  The 
tiay  be  made  to  traverse  the  whole  field  of  view,  by  means  of 
"ew;  in  this  manner  the  whole  spectrum  may  be  excluded 

view,  with  the  exception  of  a  given  narrow  portion.  This 
igement  enables  the  observer  to  examine  a  limited  part  of  the 
^rum  for  a  long  time  without  fatigue  to  the  eye,  ana  is  of  spe- 
ise  in  examining  faint  positive'*'  spectral  lines. 

another  paper  the  author  points  out  a  method  of  applying 
pectroscope  to  the  quantitative  determination  of  coloring  mat- 
The  moveable  plate  which  forms  one  half  of  the  slit  of  the 
nator  is  divided  into  two  portions,  each  of  which  can  be 
»d  parallel  to  itself  bv  a  micrometer  screw  with  divided  head. 
in  the  two  slits  are  of  exactly  equal  breadth,  the  upper  and 
r  halves  of  the  spectrum  will  have  the  same  intensity.  If 
)f  the  slits,  for  example  the  upper,  has  a  colored  glass  or 
r  absorbing  medium  placed  in  front  of  it,  the  spectrum  will 
Lvided  into  two  halves  of  unequal  intensity.  If  now  the  other 
►e  narrowed  gradually*  by  means  of  the  screw,  the  intensity 
le  light  will  gradually  diminish  until  it  becomes  exactly  equal 
be  two  halves  of  the  spectrum  at  a  given  part  or  region  of 
\  The  equalization  of  the  light  in  the  two  halves  of  the  spec- 
is  quickly  produced,  and  in  Uiis  manner  the  ratio  between  the 
tity  of  light  transmitted  through  the  colored  plate  and  the 
nal  intensity  of  the  light  is  easily  expressed  in  percentages, 
represents  the  degree  of  concentration  of  a  colored  solution, 

coefiicient  of  extinction  and  A  the  coefiicient  of  absorption 
e  dissolved  active  substance,  we  have  C=AE.  Hence  the 
ee  of  concentration  of  a  solution  may  be  found  by  simply 
uring  its  coefficient   of  extinction,  provided  that  the  coeffi- 

of  aosorption  of  the  dissolved  substance  has  been  determined 
for  all  The  author  promises  hereafter  a  work  on  the  appli- 
n  of  the  spectroscope  to  quantitative  chemical  analysis. — Vie 
endung  des  SpectraUApparates  fiXr  Messung  und  Verghich- 
ier  Stdrke  des  farhigen  Lie  hies  ^  Tubingen^  1871;  Berichte 
Teutschen    Chem.  Qesdlschaft^  iter  Jahrgang^  No.  6,  p.  32V. 

w.  G. 

>  aroid  circumlocution,  it  seems  desirable  to  employ  the  tenns  positi7e  and 
ve,  to  denote  respectively  bright  or  dark  lines  or  bands. — ^w.  e. 
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8.  On  th€  heat  of  neutralizcUion  of  organic  and  iMmank 
bases  soluble  in  wnter, — J.  Thomsek  in  Copenhagen^  has  pubUihed 
tho  principal  results  of  a  recent  investigation  of  the  quantities  of 
heat  evolved  in  the  neutralization  of  different  bases  of  the  sains 
acid.  These  researches  have  led  to  the  remarkable  result  that  tiw 
so-called  hydrates  of  the  oxides  of  K,  Na,  L,  Tl,  Ba,  Se,  Ca  ind 
Mg  evolve  on  saturation  with  sulphuric  acid  the  same  quantity  of 
heat,  the  neutralization  being  in  all  cases  that  of  one  molecule  of 
sulphuric  acid.  The  quantity  of  heat  evolved  amounts  to  81184 
as  a  mean,  the  single  values  differing  almost  ^  of  1  per  cent  from 
this  mean.  Sulphuric  acid  evolves  with  other  inorganic  bases  i 
less  quantity  or  heat.  Thus  the  heat  of  neutralization  of  FbO 
is  18750';  that  of  Ag-O  14040^  The  author  infers  from  tlus 
result  that  the  chemical  character  of  the  process  of  neutralization 
is  different  in  different  cases.  Thus  the  first  named  eight  bases 
do  not  evolve  the  same  quantities  of  heat  with  one  molecule  of 
other  acids.  Thallium  with  chlorhydric  and  sulpbydiie  acidi 
behaves  like  silver,  so  that  the  numbers  are  nearly  the  same  for 
the  two  metals.  A  solution  of  ammonia  in  water  differs  remaikir 
bly  from  the  inorganic  alkaline  hydrates.  Thus  it  g^ves  with  solr 
phuric  acid  only  28150%  or  11  per  cent  less  than  the  alkaline 
nvdrates.  On  the  other  hand,  tetra-methyl-ammonium-hydrale  j 
gives  with  one  molecule  of  sulphuric  acid  31010%  or  almost  exactly 
the  same  number  as  the  eight  inorganic  bases.  Ethylamin  gires 
nearly  the  same  number  as  ammonia,  namely,  28850^  Triethyl- 
stibin-oxide,  a  divalent  base,  gave  with  sulphuric  acid  hardly  10 
per  rent  of  the  heat  of  the  alKaline  and  earthy  bases,  whence  the 
autlior  infers  that  it  is  a  base  of  a  wholly  different  character. 
From  the  above  mentioned  results,  he  considers  it  probable  thtt 
an  aqueous  solution  of  ammonia  does  not  eontain  a  hydrate  of 
ammonium,  and  that  it  is  only  an  ammonium-base  proper  which  if 
analogous  to  an  alkaline  hydrate.  In  conclusion,  the  author  prom- 
ises an  investigation  of  the  thermic  relations  of  the  organic  oases. 
— Berichte  der  Deutschen  Chem.  Gesellschnft^  4ter  Jahrgang^^ 
308.  w.  G. 

II.  Geology  and  Natural  History. 

1.  Currents  of  the  Oceans. — Mr.  James  Croli^  in  the  Philosophi- 
cal Magazine  for  1870,  volume  xxxix,  sustains  the  view  that  th« 
currents  of  the  oceans,  including  the  Gulf  Stream,  are  due  to  the 
action  of  the  trade  winds.  Dr.  W.  B.  Carpenter,  in  consideration 
of  the  results  obtained  by  the  deep  ocean  soundings  has  presented 
positive  evidence  that  the  ocean  is  stirred  by  its  currents  to  its  very 
bottom  (this  Journal,  vol.  xlix,  p.  410,  1870),  and  claims,  we 
think  riirhtly,  that  the  superficial  action  of  the  trades  is  not  suffi- 
cient cause  for  the  movement.  An  elaborate  memoir  by  Dr. 
Carpenter  "  on  the  Gibraltar  Current,  the  Gulf  Stream  and  the 
General  Oceanic  Circulation,"  has  been  published  during  the  cur- 
rent year  by  the  Royal  Geoo^raphical  Society,  from  whicJi  we  cite 
his  conclusions,  after  stating  the  general  principles  on  which  he 
bases  them. 
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A  vertical  circulatioD  is  maintained  in  the  Strait  of  Gibraltar 
by  the  excess  of  evaporation  in  the  Mediterranean  over  the 
Binoant  of  firesh  water  returned  into  its  basin,  which  at  the  same 
time  lowers  its  level  and  increases  its  density  ;  so  that  the  surface- 
u^fiaw  of  salt  water  which  restores  its  level  (exceeding  by  the 
weight  of  salt  contained  in  it  the  weight  of  fresh  water  which  has 
pABsed  off  by  evaporation)  disturbs  the  equilibrium  and  produces 
ft  deep  ottffhw^  which  in  its  turn  lowers  the  level — The  same  may 
be  aasomed  to  be  the  case  in  the  Strait  of  Babelmandeb. 

A  vertical  circulation  is  maintained  in  the  Baltic  Sound  by  an 
excess  in  the  ir^fhuc  of  fresh  voater  into  the  Baltic;  which  at  the 
•ftme  time  raises  its  level  and  diminishes  its  density,  so  as  to  pro- 
daoe  ft  surface  outflofc,  leaving  the  Baltic  column  the  lighter  of 
the  two,  so  that  a  aeep  inflow  must  take  place  to  restore  the  equi- 
Ebrium. — ^The  same  may  be  assumed  to  oe  the  case  in  the  Bos- 
phoroB  ftnd  Dardanelles. 

A  vertical  circulation  must,  on  the  same  principles,  be  main- 
tained between  polar  and  equatorial  waters  by  the  difference  of 
their  temperatures ;  the  level  of  polar  water  being  reduced,  and 
its  density  increased,  by  the  surface-eo^  to  which  it  is  subjected, 
while  a  downward  motion  is  also  imparted  to  each  stratum  suc- 
cessively exposed  to  it ;  and  the  level  of  equatorial  water  being 
mised,  and  its  density  diminished,  by  the  surface-Aeo^  to  which  it 
is  exposed.  (The  first  of  these  agencies  is  by  far  the  more  effect- 
ire,  since  it  extends  to  the  whole  depth  of  the  water,  while  the  sec- 
ond effects,  in  any  considerable  degree,  only  the  superficial  stra- 
$mm.)  Thus  a  movement  will  be  imparted  to  the  upper  stratum  of 
oeeanic  water  from  the  equator  toward  the  poles,  while  a  move- 
ment will  be  imparted  to  the  deeper  stratum  from  the  Poles  toward 
the  equator. 

Of  such  a  vertical  circulation  in  the  general  body  of  oceanic 
water  we  have  evidence,  on  the  one  hand,  in  the  northerly  move- 
ment of  the  upper  stratum,  of  several  hundred  fathoms'  depth, 
which  carries  tne  temperature  of  a  warmer  region  into  the  Arctic 
circle ;  while,  conversely,  there  is  now  a  large  body  of  evidence  as 
to  the  general  prevalence,  over  the  deep-sea  bottom,  of  a  temper a- 
twre  not  many  degrees  above  the  freezing-point  of  fresh  water, 
which  cannot  be  accounted  for  in  any  other  way  than  dv  an  imder- 
flow  of  polar  water  toward  the  equator.  Further,  under  particu- 
]mr  circumstances,  a  yet  greater  degree  of  cold  is  brought  oy  gla- 
cial currents  into  the  Temperate  zone :  thus  giving  distinct  indi- 
cation of  a  general  movement  of  deep  water  from  the  poles  toward 
the  equator. 

Lastly,  it  follows,  if  the  foregoing  doctrine  be  correct,  that  the 
general  vertical  oceanic  circulation  is  the  great  agent  in  modera- 
ting the  extreme  cold  of  the  Arctic  basin ;  the  water  which  flows 
toward  it  bein^  not  so  much  propelled  into  it  by  the  Gulf  Stream, 
as  drawn  into  it  from  an  area  of  which  the  ordinary  temperature 
is  little,  if  at  all,  above  the  normal.  On  the  other  hand,  the  Gulf 
Stream  forms  part  of  a  horizontal  or  superficial  circulation  in  the 


142  Scientific  Intelligence, 

North  Atlantic,  of  which  the  Trade  Wind  constitutes  the  primvm 
mobile:  a  large  part  of  its  flow  returns  directly  backward  into 
the  equatorial  current,  thus  completing  the  shorter  circulation; 
whilst  the  portion  which  passes  northward  ultimately  returns  in 
the  superficial  polar  currents  with  which  it  interdigitates — one  of 
these  currents  being  sufficiently  powerful  to  maintain  a  distinct 
course  back  to  the  exit  of  tlie  Gulf  Stream,  where  its  deeper  po^ 
tion  not  improbably  re-enters  the  Gulf  of  Mexico  as  a  reyene 
under-current  through  the  Narrows. 

The  view  which  Dr.  Carpenter  advocates,  that  the  movement  of 
the  ocean  affects  the  whole  body  of  water  to  its  very  bottom,  if 
recognized  bv  the  writer  in  his  Keport  on  Crustacea  of  the  Wilkei 
Exploring  Expedition,  (4to,  1618  pp.,  1852,  this  Joum.,  II,  xvi, 
1853),  and  the  general  system  in  this  circulation  is  there  pointed 
out, — this  system  according  with  the  views  previously  held  by  the 
distinguished  meteorologist,  W.  C.  Redfield.  The  conclusions  are 
sustained  by  facts  relating  to  the  temperature  of  the  ocean  ob- 
served in  the  course  of  the  cruise  of  the  Exploring  Expedition  iost 
mentioned,  and  others  from  various  sources,  presented  on  an  isothe^ 
mal  chart  prepared  for  illustrating  the  geographical  distiibntion 
of  marine  life,  and  especially  the  Crustacea ;  and  a  brief  statement 
of  this  system  is  given  in  his  Manual  of  Geology,  (1861).  The 
facts  from  the  deep  ocean  remove  all  remaining  doubt  with  re- 
gard to  the  universality  of  the  movement,  and  the  oneness  of  the 
system.  At  the  same  time  there  does  not  appear  to  be  any  good 
reason  for  separating  from  the  system  the  Gulf  Stream,  as  done 
by  Dr.  Carpenter.  Given  the  vertical  circulation,  and  the  north 
and  south  movement,  advocated  by  him,  and  then  the  revolution 
of  the  globe  will  make  it,  as  has  been  long  recognized,  a  toestwari 
movement  in  the  tropics  and  an  eastward  m  the  middle  and  hiffher 
temperate  latitudes,  such  as  is  found  in  fact  in  all  oceans,  l^ai, 
secondly,  whenever,  in  the  flow  of  these  waters,  they  approach  the 
continents,  where  the  depth  diminishes,  the  rate  of  flow  will  be 
increased  in  proportion  (approximately)  to  the  decrease  of  depth ; 
and  hence  comes  the  stream  east  not  only  of  North  America  and 
there  called  the  Gulf  Stream,  but  of  South  America,  and  also  those 
east  of  Asia  and  of  Australia ;  and  also  that  in  the  higher  lati- 
tudes west  of  South  America.  The  Gulf  Stream  and  all  these 
other  streams,  are  parts  of  the  general  system,  modified  by  prox- 
imity to  the  continents  ;  the  action  of  the  trades  is  not  in  any  case 
their  origination,  though  it  may  well  be  their  accelerator.  N  either 
is  an  Indian  ocean  current  the  origin  of  the  current  in  the  South 
Atlantic  up  the  west  side  of  Africa,  though  contributing  to  it. 

Dr.  Carpenter  also  combats  Mr.  Croll's  position,  with  regard  to 
the  "  thermal  work  of  the  Gulf  Stream."  j.  d.  d. 

2.  On  the  "  Benches^"*  or  VaUey  Terraces^  of  British  Columhin; 
bv  Matt.  B.  Hkoijie,  Chiof  Justice  of  British  Cohinibia. — The  tbl- 
lowing  extracts  from  this  paper  :ire  selt^cted  from  the  Proceedings 
of  the  Roy.  Googr.  ,S()C.  for  Feb.  27,  1871. — It  is  perhaps  scarcely 
possible  for  any  person  wlio  has  never  seen  Fraser  River,  or  ob- 
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tained  an  accurate  description  of  it,  if  any  verbal  description  can 
be  accurate,  to  form  an  idea  of  its  banks. 

The  distance  from  Lytton  to  Lilloett  is  43  to  45  miles,  and  this 
may  seem  a  considerable  extent  of  bench  formation  when  com- 
pansid  with  Glen  Roy,  which  extends  but  20  miles.  But  the  bench 
formation  in  British  Columbia  extends  the  whole  distance  of  Fra- 
■er  River  so  soon  as  the  delta  is  left,  as  far  as  I  have  traveled  up 
it,  i.  e.  full  400  miles,  and  then  the  benches  are  seen  running  on, 
miles  ahead.  Wherever  the  formation  has  a  chance  of  showing  it- 
self from  Hope  upward,  i.  e.  wherever  it  is  not  inteirupted  by 
precipices,  or  chasms,  or  denudations,  there  are  benches  more  or 
lees  clear  and  regular.  Up  the  Quesnelle  River,  and  on  Cotton- 
wood, an  affluent  of  Fraser  River  next  above  Quesnelle,  and  Light- 
Ding,  affluent  of  Cottonwood,  up  to  within  26  miles  of  the  Bald 
Mountain,  the  backbone  of  the  Cariboo  range,  I  still  found  exactly 
similar  benches.  The  formation  extends  all  up  Thompson  River, 
fiir  above  Kamloops,  along  both  forks,  as  far  as  I  could  see.  There 
are  several  well  defined  terraces  on  the  Okanagan ;  in  particular 
on  the  "Riviere  du  Sable,"  halfway  down  the  lake,  mounds  like 
truncated  pyramids,  or  rather  a  pile  of  four  or  five  truncated  sections 
of  pyramids.  On  the  only  portion  of  the  Cohimbia  River  which 
I  have  traveled,  viz :  Fort  Shepherd  to  Fort  Colville,  the  foi*mation 
18  jnst  as  distinct  and  stnking  as  on  Fraser  River,  an'^  I  am  in- 
formed and  fully  believe  that  it  is  quite  uninterrupted  down  to 
Bnake  River,  in  lat.  46^.  The  largest  benches,  both  in  length  and 
breadth,  that  I  have  seen  are  in  the  valley  of  the  Upper  Eootenay 
River,  about  long.  1 15**  30'  W.  (Lilloett  being  122*^  W.).  At  Rock 
Creek,  and  all  along  Kettle  River,  the  trails  run  for  miles  and 
miles  along  just  such  benches,  and  so  too  all  along  the  Similka- 
meen  River  and  the  Nicola  River,  not  only  at  its  influx  into  the 
Thomson,  where  there  are  six  or  eight  heaped  one  upon  top  of 
another,  but  all  along  its  course  to  the  Nicola  Lake.  In  fact,  it 
may  be  said  that  everywhere  in  the  Colony  on  the  east  side  of 
Fraser  River,  wherever  there  is  a  river  of  any  size,  and  the  hills  or 
mountains  are  near,  but  not  too  near,  vou  find  yourself  on  one  of 
these  benches,  more  or  less  regularly  formed,  but  even  when  ex- 
ternally irregular,  bearing  traces  of  original  regularity. 

The  benches  are  to  all  appearance  in  their  normal  state,  level  in 
the  direction  of  the  neighboring  stream.  But  I  suspect  that  they 
follow  its  eeueral  inclination — it  might  be  said,  incluie  *'  conform- 
ably ''  with  the  stream,  as  a  general  rule.  For  instance,  it  is  very 
common  for  ditches — which,  of  course,  always  have  some  fall, 
thongh  their  fall  varies  extremely  from  an  inch  in  a  mile  to  an 
inch  or  more  in  a  yard — to  be  carried  along  a  bench  in  the  direc- 
tion of  the  principal  stream,  very  rarely  against  that  direction,  and 
only  when  the  supply  is  taken  from  a  side  creek,  when,  of  course, 
the  ditch  may  be  taken  in  anv  direction.  This  question  could  not 
be  determined  without  levelhng  a  good  many  benches  carefully. 
I  should  not  be  disposed  to  place  much  reliance  on  a  barometer  for 
soch  minute  differences  of  level,  and  any  hypsometer  I  have  seen 
would  be  useless.     But  as  to  the  transverse  inclination  (L  e.  in  the 
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direction  at  riirht  angles  to  that  inqoired  of  by  Mr.  RobinsoD), 
a  great  many  inches,  especially  as  they  recede  from  the  river, 
have  a  very  decided  inclination,  L  e.  they  slope  from  the  monnUdn 
toward  tiie  stream,  and  sometimes  very  fapidly,  ma  if  an  uoheavine 
force  had  burst  through  a  slightly  flexible  stratam  of  drift,  ana 
raised  it  to  the  highest  point  just  before  it  Anally  emerged.  Ner- 
ertheless  the  l-enches  sometimes  slope  the  reverse  way ;  so  thit 
I  know  two  or  three  instances  of  benches  where  lakes  are  formed 
next  to  the  mountain  base,  the  bench  preaentins  an  appearance 
similar  to  the  ''lip*"  on  nvers  running  through  alluyial  natt,  but 
wh'u-h  appearance  is«  I  think,  due  to  quite  a  different  cause  from 
the  **  lip,"  viz :  to  a  local  depression  having  taken  place  after  tlie 
formation  of  the  bench. 

Ju<t  betbre  reaching  Lilloett,  the  benches  become  exceedingly 
striking.  Speaking  from  memory,  I  should  say  there  were  at  loist 
five  or  six  ditferent  benches,  apparently  as  level,  ffreen,  and  wdl 
detine<l  as  billiard  tables,  on  the  east  bank,  and  a  still  greater 
number  on  the  west  bank;  or  Lilloett  side,  where  they  are  inte^ 
sected  in  a  most  picturesque  way  by  the  brilliant  N^Koompteh, 
running  through  the  maeuiticent  gorge  leading  from  Seton  Lake, 
about  three  mUes  from  tlie  Fraser,  the  northern  extremity  of  the 
Douglass  trail  already  referred  to. 

There  are,  I  should  say,  s|>eaking  from  memory,  at  and  in  sight 
of  Lilloet;,  at  least  15  or  16  benches  on  both  sides  at  varioas  leveli, 
some  three  or  four  on  each  side  of  Fraser  River  exactly  correspond- 
ing in  level:  but  many  on  either  side  of  the  river  having  no 
apparently  exact  oounterpart  on  the  other  bank.  Lilloett  standi 
on  a  p:a:eaa.  which  I  judge  to  be  about  160  feet  above  high-water 
mark  of  Fraser  Kiver«  varying,  betwe^-n  March  and  June,  from  80 
to  40  feet  \er:iodl.  I  have  never  been  on  the  highest  bench  in  tlui 
neii::iK»:iivA^-U  which  I  shouKl  say  is  on  the  east  side,  and  which  I 
shvuli  i.i'ice  to  be  500  or  6lK)  feet  alx»ve  the  Fraser. 

There  are,  I  sliould  think,  on  the  ion  side  (west  bank  of  tb« 
riven  at  It:;*:  i  wt-lve  or  tii'teen  terraces  immediately  at  Alexandris; 
aui  fro '11  ;!\«.ir  regularity  and  c^-ntiguity — being  generally  uarroYi 
ar.i  ^vii^VriiVi:  only  a  few  feet  in  height — present  a  very  aingnUr 
ar.<i  striking;  apiK'aranoe :  like  a  gigantic  dight  of  steps  ascending 
the  h;*/.?i.ie  »:i-aduallv. 

The  aK^ve  atv  the  moiv  important  facts  presented  by  Mr.  B^ 
bie.  Fr.^!:i  them  he  draws  the  conclusion  that  the  "benches'*  or 
terra^vs  arv  due  to  a  vast  ;ake,  or  *<trles  oi  lakes,  and  that  this 


5»in  places  the  ten-ac.s  or  '  c::  '.cs  are  a::nbntei  chiefly  to  river 
They  aw  sliowu  :,^  -^e  pan  of  a  svstem  of  terraces  that 
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covers  a  large  part  of  North  America,  north  of  the  Ohio,  and  exist- 
ing on  all  streams,  as  far  as  examined,  nearly  to  their  heads  in  the 
mountains,  as  stated  above  to  be  the  fact  with  those  along  some 
streams  on  the  Pacific  border.  It  is  there  remarked  that  if  ad- 
mitted to  be  lake  terraces,  the  facts  would  prove  that  a  large  part 
of  the  continent  had  been  covered  with  lakes  in  place  of  rivers,  and 
just  where  rivers  should  have  existed,  which  is  a  view  not  to  be 
entertained. 

The  lower  flats  or  flood  grounds  now  existing  along  any  stream 
follow  it  to  its  head,  with  interruptions  depending  on  the  width  of 
the  valley  and  nature  of  the  enclosing  deposits  (whether  hard  rock 
or  not) ;  and  thus  such  flats,  while  the  sea  has  its  present  level, 
may  exist  on  a  single  river  at  all  heights,  from  a  few  feet  above 
the  sea  level  to  the  height  approximatelv  of  its  source,  or  through  a 
range  of  level  it  may  be  of  thousands  of  feet.  Such  flood  grounds 
are  approximatelv  parallel  to  the  adjacent  bed  of  the  stream,  the 
variations  depending  largely  on  obstructions  in  the  course  of  the 
stream  and  being  such  very  nearly  as  actually  exist  between  flood 
level  and  low-water  level 

If  now  a  part  of  the  continent  be  raised  50  feet,  the  abrading  or 
excavating  force  of  the  streams  would  be  increased ;  the  low- 
water  channel  would  be  accordingly  deepened  by  abrasion,  and  a 
new  flood  ground  or  lower  flat  would  also  be  produced  with  the 
old  flood  ground  as  a  terrace  or  bench.  The  height  of  this  terrace 
or  bench  would  depend  on  the  depth  of  the  river  excavation  ;  and 
this  on  the  nature  of  the  bottom,  etc. ;  thus  with  a  single  eleva- 
tion of  50  feet,  terraces  may  be  made  at  all  heights  above  the  sea 
from  50  feet  to  5000  or  more,  according  to  the  height  of  the  head- 
waters of  the  rivers.  This  fact  is  of  the  highest  geological  im- 
portance ;  very  many  errors  as  to  evidences  of  changes  of  level 
nave  been  made  from  a  failure  to  consider  it.  Moreover,  more 
terrace  levels  than  one  might  be  formed  on  this  single  sudden  rise 
of  the  land  wherever  there  were  obstructions  that  were  afterward 
successively  removed.  Such  obstructions  might  in  some  parts  of 
a  stream  make  lakes,  and  cause  true  horizontal  benches  for  an 
interval.  Thus  the  terraces  or  benches  along  streams  may  be 
accounted  for  without  recourse  to  lakes  except  those  that  would 
be  incidental  to  such  a  system  of  river  changes.  They  are  evi- 
dences that  the  stream  has  excavated  its  bed  to  a  lower  level 
than  that  which  it  formerly  had ;  and  the  proof  as  to  change  of 
level  indicated  is  to  be  derived  not  from  an  isolated  fact  in  any 
place,  but  from  a  general  survey  of  all  the  facts  throughout  a 
great  region — facts  as  to  heights  of  terraces,  as  to  excavating  force 
of  stream  in  its  different  parts,  and  as  to  possible  obstructions 
that  have  put  a  limit  to  excavation  or  occasioned  intervals  of 
retardation. 

4.  GkMciers, — The  Philosophical  Magazine  for  June,  (pp.  485- 
508)  contains  a  translation  of  a  valuable  paper  on'  Glaciers  from 
PoggendorflTs  Annalen,  by  Albert  Hsim  of  Zurich.  The  follow- 
ing paragraphs  are  from  pages  495,  406. 

Am.  Jour.  Sol— Thibd  Sbjuss,  Vol.  II,  No.  8.— Auoubt,  1871. 
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H.  Orad  aaeiibee  to  the  fteenng  <^  the  infihntod  wsfeer  hi  tht 
capillary  fiflsoFee,  BOt  only  the  enbi^gement,  but  alio  tlie  '^eiye- 
taUographic  orientation''  of  glaeier4cey  diaooyeved  br  Bertia,  mk 
afterwards  oonfinned  and  generalind  by  MIL  Gtma  and  D^ii 
Bat  he  eeema  to  me  to  form  no  aooimte  eonoeDtioii  of  bov  Ifeb 
is  to  be  produced  by  the  water  freeiing  round  m  amrfaee  of  the 
grains,    it  miriit  be  Tery  diffienlt  to  do  sa    I  am  indmed  nthg 
to  look  upon  Uie  *'crystallogra^ic  orientation "  aa  a  flmottonsf 
the  pressure.    Hie  ice  masses  oi  the  lower  part  of  the  glaeiei;  ia 
whicD  it  has  been  observed,  are  not  the  same  wfaieh  in  the  TONr 
part  did  not  exhibit  the  {Aenomenon ;  they  are  those  wMeh,  mt' 
im^  many  years,  have  snstained  the  mif^ity  pressave  of  the  0T«^ 
lymg  Uyers  of  ice,  now  melted  away.    When  we  oewsiderflis^ 
in  a  body  the  temperature  of  whidi  is  ahraya  near  ita  mshiB^ 
point,  moIeoQlar  derangements  readily  take  plaoe,  and  thai  thm 
IS  no  lack  of  shooks  which  go  through  the  mass  of  ioe  (aoeh  si 
occurs,  for  example,  in  the  crash  wfaenerer  a  ereraaae  opens  er- 
closes),  the  latter  notion  becomes  still  more  probriileL     Us 
phenomemm  obeerred  by  MM.  Bertin,  Grad,  and  Dvprfi,  diat  is 
kmellsD  cut  horiaontallT  out  isi  the  lower  pslrt  of  the  ^aeier  sol- 
ored  rings  with  a  Mack  cross  are  seen  wnen  ther  are  Tiewsd  is 
the  polarising  mieroeeope,  does  not  necessarily  indieate  aetasl 
crystalline  stractnre;  amoqAoos  glass  can  yidd  the  name  phenos^ 
enon  throngh  strains  forced  vpon  it  by  external  nitssam    B 
appears  to  me  that  the  eflect  m  the  ^ass  also  wow"  ^ 

be  permanent,  if  the  riolent  pressore  had  operated  for 


Experiments  on  a  small  scale,  for  the  fNirpoae  of  nsodnoBg  bj 
pressore  the  crystallograi^c  orientation  in  nieces  or  ioe.  oaveai 
iUnlt.    Thk  n'»»t«^A^;  for  I  eoald  b^oTm  moT^ft^^ 
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doe.,  operate  with  a  pi^araie"<rf  5  ewt  per  sqniue  inelCor  ftetai 
of  ramiJar  magnitnde.  Already  in  the  87th  Tohune  of  tiie  Fhlo' 
sophical  Magaiine  Sir  John  Heischd  conjectnred  aparalld  ananes' 
ment  of  the  optic  axes,  bat  not  on  grounds  correspondia^  with  iL 
6rad>  explanation. 

I  must  not,  howeror,  omit  to  mention  that,  aocoidiw  to  the 
calculations  of  an  Engltthman  (Canon  Mosdey)  in  Ae  nilosoriir 
ical  Magaiiiie  for  Mar,  1869,  the  reeiatance  of  the  ioe  to  w 
sheari  ng-finrees  of  the  paGter-motion  would  be  too  great  for  the  iei 
to  be  broken  by  ffiayity  al<me  and  thus  the  glader  to  moye  by  ito 
own  weight.  \f\  rightly  understand  the  experimenta  of  TVndsl 
and  my  own  on  the  remoulding  of  plates  en  ice,  the  ice  tnenn 
and  in  the  glacier  is  not  compeUed  to  shear,  but  to  break  by  Hb/b 
bending.  The  shearings  tangential  displa<;iements  take  place  along 
the  fissures  previously  produced  by  tiracture  (bending).  The  very 
peculiar  mechanical  conditions  of  the  ice  seem  to  me  not  to  hsie 
been  sufficiently  considereii  in  the  calculation.  One  of  these  is  its 
extraordinary  brittleness  even  at  0^  C. ;  the  same  pressure  whifh 
a  mass  of  ice  will  sustain  in  a  state  of  rest  for  a  lone  time  without 
breakings  breaks  it  immcdiatt'ly  if  a  shock  is  addra.  Another  is 
the  occurrence  of  crowds  of  minute  air-bubbles,  which  must  very 
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mnch  diminish  the  compactness  of  the  ice.  In  the  lower  part  of  a 
glacier,  where  air-bubbles  are  almost  absent,  we  have  the  old, 
only  half  regelated  secondary  capillary  fissures,  along  wliich  fresh 
fracture  is  easier :  while  in  this  region  the  primary  fissures  are 
somewhat  less  numerous,  the  secondary  (which  are  longer  pre- 
served) exhibit  a  peculiar  abundance  of  plaits.  So  many  factors, 
mimeaaured  in  their  effect  and  scarcely  known  in  their  mode  of 
operation,  are  involved  in  the  mechanics  of  glacier-motion,  that 
the  result  of  a  calculation  based  on  the  little  that  is  known  cannot 
possibly  induce  me  antecedently  to  reject  the  explanation  by  pres- 
sure, with  which  all  the  facts  of  which  I  have  any  knowledge,  and 
all  that  I  have  seen,  a^ree  so  perfectly.  According  to  the  ex- 
planation of  glacier-motion  given  by  Mr.  Moseley  (Phil.  Mag.,  Jan. 
1863  and  Aug.  1869),  the  total  motion  must  be,  on  the  average, 

rd  in  amount  in  the  upper,  middle,  and  lower  parts  of  the 
^  ier,  which  is  not  the  case.  As  in  no  part  of  the  glacier,  cer- 
tainly not  at  the  lower  end,  has  any  (even  the  leastj  upward  mo- 
tion ever  been  observed  at  certain  times,  the  line  which,  as  a  base, 
remains  relatively  fixed  must,  when  the  temperature  falls,  lie  at 
the  upper  end  of  the  glacier ;  when  the  temperature  rises,  at  the 
lowest  point.  That  with  rise  of  temperature  the  lower  end  would 
remain  stationary,  and  drag  after  it  the  whole  long  glacier-tongue 
(which  cannot  descend  by  its  own  weight),  without  its  being  rent 
transversely  into  single  independent  fragments,  I  cannot  conceive. 
The  surface  of  the  glacier  undergoes  more  and  greater  variations 
of  temperature  near  its  margins  than  in  the  center — now  from  re- 
flection of  heat  from  the  sides  of  the  valley,  then  from  their  shade, 
but  especially  through  the  winds  (which  m  the  center  arrive  with 
their  temperature  already  approximated  to  that  of  the  glacier). 
The  margins  have  in  some  measure  a  more  continental,  the  center 
a  more  oceanic  climate.  Hence  one  would  think  that  the  edges  of 
the  elacier  would  move  faster  than,  or  at  least  as  fast  as  the  cen- 
ter, u  variations  of  temperature  effected  the  motion. 

I  have  not  the  remotest  intention  to  summarily  reject  Mr.  Mose- 
ley's  views ;  but  I  thought  it  admissible  to  state  what  at  present 
appears  to  me  opposed  to  them,  in  order  to  justify  my  continuing 
to  hold  Professor  TyndalPs  explanation.  Perhaps  Mr.  Moseley 
will  be  able  to  remove  these  difficulties  and,  especially  bv  measure- 
ments of  the  interior  temperature  of  glaciers,  give  his  views  a 
better  foundation. 

6.  On  SigiUariay  Catamites  and  Calamodendron. — Dr.  J.  W. 
Dawson,  in  the  Q.  J.  GeoL  Soc.  for  May,  1871,  discusses  the 
nature  of  these  fossil  plants  and  presents  many  facts  of  his  obser- 
vation. The  tissues  of  the  SLzularise,  and  the  character  of  the 
firoits  {TVigoiiocarpum  and  Cardiocarpum)  which  very  often 
accompany  the  trees,  are  regarded  as  proving  that  they  are  true 
Gymnosperms  or  are  related  to  the  Conifers  and  Cvcads.  But  he 
iinther  remarks  that  possibly  the  group  may  have  included  forms 
bridging  over  the  interval  between  the  higher  Acrogens  (the 
Calamites  on  one  side  and  the  Lepidodendron  on  the  other)  and 
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the  Gymnosperma.  The  Caktmiiei.  aooordin^  to  Dr.  DftwwHi,  an 
true  Equisetaceoas  plants,  and  the  foaaila  exhibit  the  exterior  aur- 
face  of  the  stems.  But  other  fossils  mariced  extemftllj  like  Cala- 
mites  are  casts  of  the  pith  or  internal  axi$^  and  belong  to  the  genu 
Calamodendnm,  The  Calamodendra  <riften  have  a  eonndiQimble 
thickness  of  woody  envelop  about  the  apparently  jointed  internal 
axis,  consisting  of  woody  tissue  in  wedgea  separated  by  intenren^ 
ing  tracts  of  cellular  tissue  (medullary  rays  aooording^  to  William- 
son) ;  and  they  «re  therefore  classed  by  Dr.  Dawson  with  Oymnoe- 
perms. 

Dr.  Dawson  makes  the  line  from  Sigillaria  to  Lepidodendron  to 
include,  in  order,  ZepidophMos^  SSrinqodendtOHf  CbMraria^ 
Favtdariafy  RhytidotqpU  ;  and  the  One  uom  SigiBaria  to  Sgui- 
setum  to  include  Calamodendran  Cala$n€p%ius  (of  WilliamiOtt), 
Bornia,  CcUamitu. 

6.  Z^dodendra  and  SMUancB, — In  a  paper  read  beftne  the 
Royal  Society,  June  16,  rrot  W.  C.  Wiluamsov  deeoribea  the 
structure  of  specimens  of  Zmridodendra  §eU»ffinaide9j  and  appears  to 
make  good  the  conclusion  that  it  has  an  imperfect  exogenous  stme- 
ture.  He  observes  that  it  has  a  central  medullary  axiS|  whidi  is 
closely  surrounded  by  a  second  and  narrower  ring  also  of  baned 
vesseis,  but  of  smaller  size,  and  arrangedin  vertical  radiatinigf  lamins 
^^  which  are  separated  by  short  vertical  piles  of  cells  behtfved  to 
be  medullary  rays.  In  a  transverse  section  the  interseoted  monllis 
of  the  vessels  n>rm  radiating  lines,"  and  the  structure  is  pro- 
nounced an  early  type  of  an  exogenous  cylinder.  From  tiiis 
cylinder  alone  the  vascular  bundles  going  to  the  leaves  are  given 
off 

He  describes  SHgmaria  ('^  weU-known,"  he  says,  ^  to  be -a  root 
of  Sigillaria,'*)  as  having  ^  a  cellular  pith  without  any  trace  of  a 
distinct  outer  zone  of  medullary  vessels  such  as  is  universal 
amongst  the  Lepidodendra,  The  pith  is  immediately  surrounded 
by  a  thick  and  well-developed  liffneous  cvlinder,  which  contains 
two  distinct  sets  of  primary  and  secondary  medullary  rays." 
Other  facts  stated  tenet  to  show  that  these  plants  are  of  tne  Leni- 
dodendroid  type,  and  ProC  Williamson  therefore  includes  tne 
Lq>idodendroid  and  JSigiUarian  plants  in  a  eonmion  ftmily,  making 
them,  along  with  the  CtxlamUecBy  to  constitute  an  JSeogenauB  div^ 
sion  of  the  vascular  Cryptoeams,  while  the  tlsnu  belong  to  an 
Ml  do  ff  enous  divwon^  "the  rormer  uniting  the  Cryptogams  with 
the  Exogens,  through  the  Cycadese  and  other  Gymnosperms ;  and 
the  latter  linking  them  with  the  P^ndogens  through  the  Palmace®. 

7.  Helderherg  Corcds  in  Neto  Hampshire. — Prof.  C.  H.  HrrcH- 
cocK,  State  Geologist  of  New  Hampshire,  announces  the  discovery 
of  Helderherg  corals  in  Littleton,  N.  H.  New  Hampshire  has 
been  considered  an  Azoic  State  by  some,  as  its  rocks  are  mostly 
of  a  granitic  character.  Professors  H.  D.  and  W.  B.  Rogers  sup- 
posed at  one  time  they  had  found  Silurian  fossils  in  the  White 
Mountain  Notch,  but  afterward  withdrew  the  opinion. 
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The  limestone  oontaining  these  corals  has  been  traced  for  aboat 
three  miles,  and  appears  to  be  duplicated  by  a  synclinal  fold.  It 
OTerlies  the  metamorphic  Quebec  group  on  one  side,  and  probably 
the  Cods  group  on  the  other.  It  appears  to  be  overlaid  by  a  clay 
slate,  carrying  a  few  worm-trails. 

The  corals  themselves  are  obscure.  They  have  been  submitted 
to  the  examination  of  E.  Billings,  F.6.S.,  of  Montreal  He  rec- 
ognizes the  FavoHtes  hasaUica^  and  a  Zaphrentis.  The  rock 
appears  to  be  identical  with  that  cropping  out  upon  lake  Mem- 
pnremagog  and  its  supposed  continuation  into  Vermont.  The 
New  Hampshire  locality  is  fifty-five  miles  southeasterly  irom  the 
Canadian.  As  the  associated  rocks  are  somewhat  similar,  it  is 
likely  that  the  two  limestones  are  of  the  same  age.  Mr.  Billings 
does  not  speak  positively  of  the  distinctive  age  of  the  Canadian 
limestone.  It  seems  to  ran^e  from  the  Lower  to  the  Upper  Helder- 
berg.  He  compares  it  with  the  Gasp^  limestone,  which  corres- 
ponds with  the  entire  Helderberg  series  of  New  York.  A  fossil 
m>in  Owl's  Head,  shown  to  Professor  Hall  by  the  writer  sev- 
eral years  since,  was  declared  to  be  the  peculiar  Atrypa  reticularis 
of  the  Upper  Helderberg.  With  our  present  information  it  is 
only  possible  to  say  that  Helderberg  fossils  have  been  found  in 
New  Hampshire.  o.  h.  h. 

8.  On  Fossil  Coal  plants  from  the  AUai ;  by  Dr.  H.  B. 
Gbinitz.  ^From  Cotta's  "  Der  Altai,"  in  course  of  publication). — 
The  coal  plants  here  noticed  were  brought  by  Dr.  Cotta  from  the 
Moseom  of  Bamaoul.  Thej  are  mostly  of  described  species  al- 
ready recognized  there  by  Eichwald  and  others.  The  species 
remarked  upon  are  JEquisitites  Socolowski  Eichwald,  Anarthro- 
canna  deliquescens  G5pp.,  Cyatheites  MiUoni  Artis,  Annularia 
longifolia  Brgt.,  Cydopteris  orbicularis  Brgt.,  Sphenopteris  an- 
thriscifolia  G5pp.,  Lepidodendron  Serlii  Brgt. ;  a  PterophyUum 
near  Pt,  inflexum  Eichw.  (on  same  specimen  with  Annularia 
longifolia);  Trigonocarpus  acteotielloides  Gein.,  Noeggerathia 
(gqualis  G6pp.,  N.  paimaformis  Gdpp. ;  N,  distans  G5pp. ;  Aran- 
earites  Tehitnatcheffianus  G5pp. — Gemitz  mentions  the  fact  of  the 
occurrence  of  a  Cycad,  PterophyUum  bUchnoides  of  Sandberger,  in 
the  Carboniferous  beds  of  the  Baden  Schwarzwald,  to  show  that 
the  Siberian  species  is  not  a  solitary  case.  The  memoir  is  illus- 
trated by  three  lithographic  plates.  Dr.  Geinitz  remarks  in  clos- 
ing that  the  species  are  not  Permian,  and  that  they  belong  to  the 
later  Carboniferous. 

9.  Preliminary  Report  on  the  Vertebrata  discovered  in  the  Port 
Kennedy  Bone  Cave;  by  Prof.  E.  D.  Cope,  (Proc.  Am.  Phil.  Soc, 
April  7,  1871). — ^This  paper,  mention  of  which  is  made  in  voL  i,  on 
page  384,  of  this  Journal,  (May,  1871),  contains  descriptions  of 
5  species  of  Megalonyx,  M,  loxodon^  M,  Wheatleyi^  M.  aissimilis 
Leidy,  M,  sphenodon^  M,  tortulus,  Mylodon?  Marlaniy  Sciurus 

calyeinus  Cope,  Jaculus  f  Hudsonius  Zimm.,  Hespetomys ?, 

Arvicola  speothen  Cope,  A.  tetradeUa  id.,  A.  didelta  id.,  A.  in- 
voltUa  id.,  A,  sigmodv^  id  ;  A,  hiatidens  id. ;  Erethizon  cloacinum 
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id. ;  Lepu8  tylvoHouB  Bmohm. ;  Praaiharimn  ^a  gemu  near  Ijfm^ 

Cope) paiatinum ;  Scakpa ?;  f  VeaperiMo ;  MaMoiBm 

Americanua;  TapimM  Amerieanus ;  T.  Hamii  Leidy;  Spm 

?;  jBm ?;   {7rMif  ^DrMlntM  Leidy :  >Uet 1    bill 

there  are  84  species,  and  72  mdiTidaals.  Of  them,  11  ate  AmA 
can  tropical  forms,  8  North  American  Arctic,  11  aie  common  ts 
both  hemispheres;  and  9  are  of  uncertain  regional  relaticma.  FtaC 
Cope  concludes  with  a  discussion  of  the  relation  of  the  speciei  to 
the  earlier  American  fiitnna,  the  geographical  and  other  ommges  of 
the  Post-tertiary,  and  the  origin  of  the  caTe. 

10.  WinkworihUej  Pro£  Mow. — ^Wiidcworthite  is  a  Voiateoe- 
corring  in  nodules  in  the  g^ypsum  quarry  at  Winkwortb,  Haati 
Co.,  Nova  Scotia.  It  forms  nodules,  as  large  as  a  wafanit  A 
surface  of  fracture  was  flat,  and  was  covered  with  glistening  vn- 
gular  facets,  and  scrapings  showed  under  the  mioroBOope  tnas- 
parent  oblique-angled  mates.  H.  =  8,  but  of  outside  8.  Litbeeksed 
tube  yields  water  and  oecomes  opa<]ue.  B.B.  decrepitates  and  turn 
easily  to  a  clear  bead,  giving  a  bright  g^reen  flame ;  in  oontiBned 
blowing,  froths,  the  beM  be^mes  opaque  and  the  flame  loses  its 
ereen  color.  Analysis  afforded  Sulphuric  acid  86*10,  siliea  8*81, 
boracic  acid  by  loss  10*18,  lime  81*66,  water  18*80,  which  ens* 
position  afibrds  the  atomic  proportions  sB,  Si,  sB.  llOi,  sofi. 

Another  nodule  affi>rded  S  31-61.  Si  4-98,  B  by  loss,  u-97,  Os  SH4, 
16  18-00,  whence  the  ratio,  sS,  Si,  4B,  ilOa,  30fi. 

Ulexlte  has  been  found  in  Nova  Scotia,  in  g3^pBnn^at  OliftoB 
Quarry,  Windsor ;  Brookville ;  Trecothick^s  Quarry ;  Three  Wk 
Plains ;  Winkworth ;  Newport  Station.  ChyptomorphUej  in  Glau- 
ber salt  in  gypsum  at  Clinton  Quarry.  JB^tditej  in  ffypsum  and 
anh;^drite  at  Brookville,  and  in  gypsnm  at  Winkworui,  Newport 
Station,  and  NoeL — PhU,  Mag.^  April,  1871. 

11.  IHfikerite. — A  fossil  resin,  described  by  Tsgbxbxax,  con- 
taining over  4  p.  a  of  sulphur,  from  an  Eocene  coal  bed,  at  Gs^ 
pano  in  Istria.  This  sulpnur-bearingresin  has  been  observed  also, 
by  T.  Niedzwiedski,  at  Gams,  near  Hieflau  in  Styria,  imbedded  in 
a  dark  colored  rock  of  the  Upper  Cretaceous  formation. — £ulhiin 
of  the  K.  Akad.  Wien.    Niaure^  No.  87. 

12.  Arravgement  for  Cross  fertilization  of  the  Jtcnoers  t(f 
Scrophtdaria  nodosa, — ^It  is  probable  that  the  dichogamy  of  the 
flowers  of  Scrophtdaria  has  already  been  observed  and  published; 
but  it  was  new  to  me  until  pointed  out  this  season  by  my  assistr 
ant,  Dr.  Farlow.  The  arrangement  is  thus :  In  the  freshly  opened 
blossom  the  upper  part  of  the  style  is  bent  forward  so  as  to  bring 
tl;(*  stiirnia  now  ready  for  pollen,  juRt  over  the  patent  lower  lip  of 
the  corolla:  the  anthers,  not  yet  dehiscent,  are  out  of  sight  toward 
the  bottom  of  the  corolla,  the  filaments  being  strongly  recurved  or 
doubled  over.  In  the  blossom  a  day  or  two  older,  tne  stigma  has 
driiMJ  up,  the  style  become  flabby  ;  and  the  filaments  have  straight- 
ened so  as  to  bring  the  four  anthers  up  to  the  gorge  of  the  corolU 
at  the  base  of  the  lower  lip,  just  back  of  the  now  withering  stigma; 
the  transversely  dehiscent  anthers  are  now  widely  open.     The 
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jwers  are  visited  by  honey-bees,  which  barely  insert  their  heads 
ito  the  gorge  of  the  flowers;  the  chin  or  throat  of  the  bee,  coni- 
ig  into  contact  with  the  lower  lip  of  tlie  corolla,  is  necessarily 
listed  with  pollen  from  the  older  flowers ;  and  this  pollen,  in 
le  passage  from  flower  to  flower,  and  plant  to  plant,  is  inevit- 
bly  applied  to  the  stigma  of  the  freshly  opened  flowers,  which 
lone  is  in  condition  to  receive  it.  The  nectar  sought  by  insects 
\  hei*e  secreted  abundantly  by  the  corolla,  at  its  base  on  the  pos- 
mor  side,  and  to  some  extent  by  the  disk  which  girts  the  base  of 
tie  ovary ;  the  posterior  face  of  the  scale  which  represents  the 
Qther  6t  the  fifth  stamen  is  apparently  glandular,  but  hardly  if 
t  all  nectaiiferous.  Bees  plunge  their  proboscis  to  the  bottom  of 
\ie  flower.  a.  g. 

18.  TVansmiUcUion  of  Form  in  certain  Ftotozoa, — Mr.  Mbtcalfe 
OHNSON  has  a  paper  on  this  subject,  in  the  number  for  May, 
NTo.  29),  of  the  Monthly  Microscopical  Journal,  (London),  present- 
ig  views  similar  in  some  respects  to  those  of  Mr.  Hilgard,  (pages 
0  and  88,  of  this  volume).  The  following  passages  from  the  article 
•reflent  the  eeneral  conclusion  of  the  author. 

In  the  'Monthly  Microscopical  Journal'  for  April,  1870,  I 
ave  ventured  to  remark  that  '^  Monas  and  its  congeners  become 
t  once  important  as  agents  in  removing  dead  cells,  and  in  their 
•lace  supplying  us  with  green  verdure  which  is  springing  up 
round  us  on  every  side."  Everyone  must  have  observed  that 
niversal  greenness  which,  after  the  lapse  of  a  few  weeks,  spreads 
lore  or  less  over  every  weather-exposed  surface,  large  or  small. 
iir  Humphrey  Davy,  writing  forty  years  ago,  says,  "  A  polished 
orface  of  a  building  or  a  statue  is  no  sooner  rougn  than  tne  seeds 
f  lichens  and  mosses  which  are  constantly  floating  in  the  at- 
lospbere  make  it  a  place  of  repose,  grow  and  increase."  If  we 
zamine  a  few  of  the  green  growths  upon  these  surfaces  difiering 
rem  one  another  in  their  surroundings,  or  '^  choses  ext^rieures," 
ich  as  moisture,  light,  temperature,  &c.,  we  shall  find  one  com- 
osed  of  a  green  dust,  to  which  the  name  of  Chlorococcus  has 
een  applied ;  another,  a  green  scum  upon  the  surface  of  a  liquid, 
'hich  has  received  the  name  of  Euglena ;  a  third,  forming 
atches  of  dark  green  slime  upon  old  walls,  and  called  Oscu- 
Uorifi ;  a  fourth,  Lyngbyd  ;  a  fifth,  Vaucheria  ;  a  sixth,  Schid- 
jnetnaj  and  so  on.  A  more  detailed  examination  of  these  sepa- 
itely-named  products,  and  a  study  of  their  life-history,  leads  to 
tie  opinion  that  they  are  all  (more  or  less)  stages  of  development 
f  some  one  common  source,  which  it  is  the  object  of  the  present 
smarks  to  identify  as  the  monad,  or  pin  pomt,  source  of  life, 
'hich  has  been  pointed  out  by  Dr.  Bastian  and  others  as  the  ear- 
est  form  in  which  we  recognize  living  matter. 

In  order  to  commence  this  investigation  I  will  append  a  few 
bservations  I  have  made  on  various  forms  of  Paramcecium^  and 
shall  endeavor  to  show  that  it  constantly  transforms  to  VorticeUa^ 
ad  thence  passes  to  CaUidina  elegancy  thus  tracing  one  of  the 
hases  of  growth  by  development  from  the  simple  form  of  Monas 
>  some  of  the  more  complicated  animalculse  or  Entomostraca.     I 
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shall  hope  in  a  fatnre  communication  not  only  to  trace  the  Fara- 
mcecium  from  the  monad,  bnt  also  to  show  that  the  **"  choses  exxUr 
eures  '^  being  altered  the  monad  may  become  a  Chlaroeocew^  an 
OsciUntoria^  a  Lynghya^  a  moss,  a  lichen,  an  Amoeba,  or  a  Jducedo. 

14.  Ertihryological  Studies  on  Diplfx^  PerithemiSy  and  the  Thi^ 
Htniurous  getniA  leostoma  /  by  A.  S.  Packard,  Jr.  Memoirs  of 
the  l*eal)ody  Academy  of  Science,  Volume  I,  Number  2.  Salem, 
Mass.,  March,  lu7l. —  Fhis  memoir  contains  quite  full  and  interest- 
ing descriptions  of  the  development  of  the  embryos  of  Diplax  and 
IsoAtoma,  with  a  few  observations  on  Perithemis,  ^^An  interesting 
fioint  in  the  embryology  of  Isoetoma  is  the  homolosry  of  the  sprinff. 
riiough  its  earliest  development  was  not  observed,  it  is  eviaently 
hoTnoiogous  with  the  third  pair  of  blades  comprising  the  onjointed 
ovif>ositor  of  the  higher  insects,  and  seems  to  be  homologoaa  with 
tlie  legs  and  cephalic  appendages.*'  Dr.  Packard  also  suggesti 
that  th(i  three  pairs  of  processes  ordinarily  forming  the  ovipositor 
of  insects  arc  homologous  with  the  abdominal  legs  of  mynapodi 
an<l  the  spinnerets  of  spiders.  He  also  concludes  th&t  the  eye« 
and  ocelli  of  insects  do  not  represent  limbs  and  that  they  arise  oa 
segments  bearing  other  appendages,  and,  therefore,  the  bead  of  in- 
se(^ts  may  be  considered  as  composed  of  but  four  segments.  Thk 
memoir  is  illustrated  by  two  plates  and  several  wood-cuts^      v. 

1  Ti.  Semhh  Studies  in  Natural  History  :  by  Elizabeth  C.  Ag- 
AHHiz  and  Alkxanoeu  Agassiz.  Second  edition,  1871.  (James  R 
Ongood  i^  Co.,  Boston). — ^This  is  one  of  the  few  books  on  Natnnl 
History  which  combine  scientific  accuracy  with  a  popular  treatment 
of  the  subject.  It  is,  moreover,  the  only  popular  work  in  which 
miiny  ot'  the  most  interesting  marine  animals  of  our  shores  are 
(lesrribed  and  figured.  It  is,  therefore,  gratifying  to  see  that  the 
work  Ims  been  so  well  appreciated  as  to  require  a  second  eilition. 
In  thi»  etlition  but  few  changes  have  been  introduced.  These  are 
elui'fl  y  in  tlie  chapter  on  the  distribution  of  marine  life.  A  list  ol 
the  wooil-iMits  ana  an  explanation  of  the  abbreviations  of  authors* 
names  have  been  added.  v. 

Ml.  Report  on  the  lirnchiopoda  obtained  by  the  Ui  S,  OwM 
Sffrrey  A>/>^(//7 /()//,  in  charge  of  L,  K  De  Potirtales,  with  a  JRt 
vhton  of  the  Cranifdof  and  Disci nidce ^  by  W.  H.  Dau.. — Bulle- 
tin t»r  the  Museum  of  Comparative  Zoology,  VoL  iii,  No.  1,  Cam- 
bridge, Mass. — In  tl)is  papt»r  all  the  species  dredged  by  Mr.  Pour- 
tales  are  tally  described,  and  the  synonymy  of  these  and  other 
Hpeeies  and  genera  is  well  worked  out.  The  anatomy  of  several 
i»t'  the  spoeies  is  tleserihed  at  considerable  length.  Two  litho- 
^rniphii'  phiies,  ehietly  anatomical,  illustrate  this  paper.  v. 

I  v.  .1  .'■w.'r  t'  .{  .-f  fht  Fnnili  s  of  J/oflifsks ;  by  Theopuke 
tiiM  .  StiuiliNojiiriTi  Misoillaneous  CMlleetions,  February,  1871.— In 
\  ii'w  i»t'the  widi'  iiiver>itv  ofoi»inion  amontj  zooloffists  concemiiiff 
tlie  ilMsMti»»:uion  ot*  rdollu^ii  a,  it  is  not  to  bo  oxpoctod  that  anv 
Nihetiir  that  f-an  ^e  pro;  h  sod  at  present  will  be  generally  adoptw. 
^  el  \xt*  are  eon>*antly  avproximatinir  to  a  true  natural  classitica- 
ti«n\  ot'  thesr  anitnaN.  i hanks  lo  the  numerous  anatomical  investi- 
^aiions  that   have  rvventlv  boon  undertaken.     The  author  of  the 
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Qt  work  fully  acknowledges  the  proviBional  character  of  the 
^ement  which  he  has  adopted,  and  anticipates  many  changes 
fter.  In  reality,  some  improvements  made  within  the  past 
would  doubtless  have  been  adopted,  had  not  the  work  been 
pe  some  six  months  before  its  actual  publication.  It  is,  never- 
98,  the  best  index  to  the  classiiication  of  the  Mollusca  that 
>€en  published  hitherto.  It  gives  in  a  very  convenient  form 
rangement  in  accordance  with  the  views  of  many  of  the  most 
>le  malacologists.  It  is  probable  that  in  numerous  cases  too 
^  families  have  been  admitted,  or  divisions  of  minor  value 

been  allowed  family  rank.  This  appears  to  be  especially 
for  the  Nudibranchs,  where  the  classification  of  Dr.  Gray 
»een  followed.  But  such  imperfections  are  of  comparatively 
I  importance  in  view  of  the  uses  for  which  this  "  arrangement '* 
bended.  It  is  accompanied  by  a  useful  list  of  authors  and  an 
ibetical  index  to  the  names  of  the  classes,  orders,  and  fam- 

Mr.  Gill  admits  27  orders  and  356  families.  v. 

.  Supplement  to  the  Synopsis  of  the  JExtinct  Batrachia  and 
ilia  of  North  America ;  by  E.  D.  Cope  (Proo.  Am.  PhiL 

March  3,  1871.) — This  paper  contains  notices  of  SauropUura 
X  Cope,  Oestocephalus  amphiumin'os  id.,  Colosteus  scuteUaiius 
b.  (Proc.  Ac.  N,  Sc.  Philad.,  1856);  Ziodon  sectorius  Co^ 
osasauroid  from  the  N.  Jeraey  Cretaceous) ;  Zf/qorapha  micro- 
ha  id.,  (of  the  family  Adocidae)  from  the  New  Jersey  Cretace- 

Catapleura  ponder osa  Cope,  Cretaceous  of  N.  Jersey ;  the 
ddilian,  Boitosaurus  macrorhynchus  Harlan,  from  the  upper 
>f  Cretaceous  Green  Sand  of  New  Jersey  (the  Croc,  basitrunr 
r  Owen,  in  Cope's  Syn.,  p.  65,  a  species  of  Holops^  on  p.  281) ; 
Dinosaur,  Hadrosaurus  cavatus  Cope,  firom  same  locality,  a 
es  of  gigantic  size. 

.  Animals  of  Sponges, — Mr.  H.  J.  Carter,  whose  researches 
ponges,  connrming  the  observations  of  Prof.  H,  James-Clark, 
»iieny  noticed  on  page  70,  has  an  extended  article  on  the  sub- 
in  the  Annals  and  Magazine  of  Natural  History,  for  July, 

(IV,  viii,  1),  illustrated  by  two  plates. 

.  On  the  homologies  of  some  of  the  Cranial  bones  of  the 
ilia^  and  on  the  systematic  arrangement  of  the  class  ^  oy  E. 
OPK.     (Proc.  Amer.  Acad.,  xix,  194-247.) 

m.  Miscellaneous  Scientific  Intelligence. 

Note  to  the  Article  on  a  new  attachment  to  the  Lantern^ 
jge  71.  From  a  letter  to  the  Editors  dated,  Hoboken,  N.  J., 
8,  1871. — I  have  just  noticed  the  description  of  my  vertical 
rn  which  you  have  been  kind  enough  to  publish  in  your  July 
,  and  find  that  through  some  inadvertence,  a  credit  has  been 
ted  which  I  have  been  careful  to  give  on  all  occasions. 
'  Prof.  J.  P.  Cooke  of  Cambridge  belongs  the  credit  of  first 
iructing  a  lantern  to  exhibit  horizontal  objects  by  first  reflect- 
he  light  from  the  condensers  upward  by  a  mirror  and  then 
1  turning  the  rays  to  the  screen  by  a  silver  speculum. 
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Pro!  Cooke  kindly  showed  me  this  apparatus  in  operation  lait 
summer,  and  in  the  instrument  which  you  have  described  I  hsre 
simply  improved  upon  his  plan  with  reference  to  the  mechanical 
arrangement,  and,  by  interposing  th^  first  mirror  between  the 
elements  of  the  condenser  oy  which  I  have  secured  an  eirenly 
illuminated  and  uncolored  field  of  light  upon  the  screen,  and  by 
finding  that  an  ordinary  glass  mirror  silvered  on  the  rear  Burfuct 
would  answer  perfectly  well  for  the  final  reflection. 

To  Pro!  Cooke  is  hkewise  due  the  idea  of  thus  showing  the 
waves  in  a  tank  of  water  circular  or  elliptical 

To  the  experiments  already  mentioned  I  have  lately  added  a 
new  one  of  unusual  beauty.  By  clamping  a  large  square  glass 
Chladni  plate  so  that  one  comer  covers  the  lantern  field,  and  cov- 
ering this  comer  ^  inch  deep  with  water  retained  by  a  Ught  ring 
of  rubber,  the  most  beautifiil  patterns  of  crispations  changing  with 
the  change  of  tone  given  by  the  plate  can  be  shown  on  the  screen. 

Yours,  &c.  HsNBT  Mortok. 

2.  Note  to  t/ie  Article  on  the  application  of  Photography  to  the 
determination  of  Astronomical  data;  by  Asaph  Halx. — Mr.  Da- 
vid Trowbridge  of  Waterburgh,  New  York,  has  called  my  atten- 
tion to  the  fact  that  Professor  Bartlett  of  West  Point,  had  applied 
the  photographic  method  to  determine  the  times  of  contact  in  a 
solar  eclipse  as  early  as  1854.  Professor  Bartlett's  observatioDfl 
were  published  in  Gould's  Astronomical  Joumij,  voL  iv,  p.  83. 

A.  H. 

3.  On  the  Color  of  Fluorescent  Solutions;  by  Hsnbt  Mobtox, 
Ph.D. — We  have  from  Dr.  Morton  a  paper  for  the  next  number  of 
this  Journal  describing  experiments  of  his  which  sustain  the 
interesting  conclusion  that  "  all  the  familiar  fluorescent  solutionB, 
such  as  the  tincture  of  Turmeric,  of  Agaric,  of  Chlorophyl,  and 
the  solution  of  Nitrate  of  Uranium,  emit  lights  of  the  same  color  of 
fluorescence — namely,  blue,  identical  with  that  developed  by  acid 
salts  of  quinine. 

4.  Indianapolis  Meeting  of  the  American  Association  for  tht 
Advancement  of  Science,  Ang.  16,  1871. — According  to  a  circular 
issued  bv  the  Local  Committee,  the  first  session  will  be  held  at 
the  Academy  of  Music  at  10  o'clock  a.  m.,  when  a  reception  wiUbe 
extended  to  them  by  his  Excellency,  Conrad  Baker,  Governor  of 
Indiana. 

Members,  and  those  who  wish  to  become  membtrs,  are  requested,  immediately 
upon  their  arriyal^  to  register  their  names  at  the  office  of  the  Local  Committee,  at 
the  State  House,  where  they  will  be  furnished  with  member's  tickets,  and  such 
information  as  may  be  desired  in  regard  to  accommodations,  etc  The  citizens 
have  signified  their  deaire  to  extend  hospitality  to  the  members.  There  are  lik^ 
wise  ample  hotel  accommodations,  and  special  arrangements  will  be  made  with 
hot^'l  an<l  boarding  house  proprietors  for  reduced  rates.  It  is  therefore  particularir 
r(?qnested  that  persons  intending  to  be  present,  will  notify  the  Local  Secretair 
(Prof  E.  T.  Cox)  by  letter,  as  early  as  practicable,  and  when  possible,  state  the 
day  they  will  arrive. 

.falircfibericht  iiber  die  Fortschritte  der  Chemie,  etc  Unter  Mitwirkung  von 
A.  L}iul)enheimer,  Al  Nauinann,  F.  Nies,  F.  Rose,  herausgegebeu  von  Adolph 
Streckcr.     Fiir  1869.     Erstes  Heft.     Giesseu,  1871. 
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Abt.  XXI. — (hi  the  Testimonyof  the  Spectroscope  to  the  truth  of 
the  Nebular  Hypothesis ;  by  rrofessor  Daniel  Kibkwood,  of 
Bloomington,  Indiana. 

Ik  March,  1846,  the  partial  resolution  of  the  great  nebula  in 
Orion  was  announced  by  Lord  Rosse.  In  September  of  the 
following  year,  the  late  rro£  W.  C.  Bond,  of  Harvard  Univer- 
sity, stated,  in  confirmation  of  this  interesting  discovery,  that 
the  part  of  the  nebula  about  the  Trapezium  "  was  resolved  into 
bright  points  of  light"  hj  the  great  refractor  of  Cambridge. 
"It  should  be  borne  in  mind,"  continued  Prof  B.,  "that  this 
nebula  and  that  of  Andromeda  have  been  the  last  stronghold 
of  the  nebular  theory ;  that  is,  the  idea,  first  thrown  out  by  the 
elder  Herschel,  of  masses  of  nebulous  matter  in  process  o^  con- 
densation into  systema" 

These  grand  achievements  were  regarded  by  the  majority  of 
astronomers  as  fatal  to  the  claims  of  the  nebular  hypothesis. 
It  is  not  to  be  denied,  however,  that  this  celebrated  theory  has 
more  than  recovered  from  the  shock  which  it  then  received; 
that  it  has,  in  fact,  been  materially  strengthened  by  the  re- 
searches and  discoveries  of  the  last  twenty  years.  The  truth  of 
this  remark  is  strikingly  exemplified  by  the  revelations  of  the 
spectroscope.  The  man  who  at  the  middle  of  the  niDcteenth 
century  would  have  been  bold  enough  to  predict  the  discovery 
of  the  physical  constitution  of  the  heavenly  bodies,  or  the  de- 
termination of  the  elements  of  which  they  are  composed,  would 
have  been  generally  deemed  a  scientific  enthusiast  This,  how- 
ever, and  more  than  this,  has  been  actually  accomplished.     In 
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the  hands  of  Huggins,  Secchi,  Young,  and  others^  the  spedtn}- 
scojpcj  that  marvel  of  modem  science,  has  yielded  satis&ctoij 
testimony  not  only  in  regard  to  such  stars  as  are  reached  by  our 
unassisted  vision,  but  even  respecting  the  telescopic  nemile, 
apparently  on  the  outskirts  of  the  visible  creation.  A  detailed 
account  of  these  wonderfiil  achievements  would  not  comport 
with  our  present  purpose.  Such  results^  however,  as  bear  di- 
rectly upon  the  theory  of  Laplace  will  be  briefly  noted. 

1.  The  ring  nebula  in  LyrcL,  the  Dumb-bell  nebula^  the  great 
nebula  in  Orion^  and  others  which  might  be  named,  are 'not,  as 
was  but  recently  believed,  extremely  remote  sidereal  clusters; 
but  their  light  undoubtedly  emanates  from  matter  in  a  gaseous  farm. 

2.  "  According  to  Lord  Bosse  and  Professor  Bond  the  brighter 
parts  near  the  trapezium  [in  the  nebula  of  Orion]  consist  of 
chistering  stars.  If  this  be  the  true  appearance  of  the  nebula 
under  great  telescopic  power,  then  these  discrete  points  of  light 
must  indicate  separate  and  probably  denser  portions  of  the  gas, 
and  that  the  whole  nebula  is  to  be  regarded  rather  as  a  system 
of  gaseous  bodies  than  as  an  unbroken  vaporous  maaa"* 

3.  Progressive  changes  in  the  physical  condition  of  certain 
nebula  are  clearly  indicated  by  the  fact  that  nuclei  have  been 
established  which,  as  shown  by  their  spectra,  are  not  wholly 
gaseous,  but  have  passed,  at  least  partially,  to  the  solid  or  liquid 
form. 

4.  The  spectroscopic  analysis  of  the  light  of  several  comets 
reveals  a  constitution  similar  to  that  of  the  gaseous  nebulse. 

The  spectroscope,  then,  has  demonstrated  the  present  existence 
of  immense  nebulous  masses,  such  as  that  from  which  Laplsice 
supposed  the  solar  system  to  have  been  derived.  It  has  shown, 
moreover,  a  progressive  change  in  their  physical  structure,  in 
accordance  with  the  views  of  the  same  astronomer.  Li  short, 
the  evidence  aftbrded  by  spectrum  analysis  in  favor  of,  the  neb- 
ular hypothesis  is  cumulative,  and  of  itself  sufficient  to  give 
this  celebrated  theory  a  high  degree  of  probability. 
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Art.  XXIL — Experiments  an  the  time  required  to  communioak 
impressions  to  the  Sensor ium^  and  the  reverse;  by  T.  C.  MeK- 
DENHALL,  Columbus,  Oliio. 

T  PROPOSE  in  this  paper  to  give  a  few  of  the  results  of  some 
experiments,  caiTied  on  during  the  last  fall  and  winter,  having 
in  view  the  determination  of  the  time  occupied  in  the  perception 
of  an  object  and  tlie  response  to  that  perception,  by  an  action 
performed  in  the  simplest  possible  manner;  also,  to  estimate  the 

*  Monthly  Notices  of  the  R.  A.  S.,  vol.  xxv,  p.  166. 
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time  occupied  in  some  cases  in  which  the  action  follows  the 
choice  of  one  of  two  things,  or  after  what  might  be  termed  a 
judgment  of  the  simplest  nature.     An  attempt  is  also  made  to 
determine  the  relative  rapidity  with  which  responses  are  made 
to  impressions  made  upon  the  different  senses.     My  method  of 
proceeding  is,  briefly,  as  follows :  Time  is  measured  by  means 
of  an  ordinary  register  similar  to  an  ordinary  form  of  the  astro- 
nomical chronograph,  in  which  I  have  been  able  to  move  a  slip 
of  paper  with  great  regularity  at  the  rate  of  about  one  and  a 
half  inches  per  second,  the  seconds  being  registered  upon  this 
slip  by  a  second  s  pendulum  according  to  the  electric  method. 
The  person  on  whom  the  experiment  is  being  made  is  seated  at 
a  table,  having  his  hand  on  a  key ;  by  pressing  this  with  his 
finger  the  circuit  is  completed  and  the  time  of  this  action  regis- 
tered upon  the  moving  band  of  paper.     I  made  an  apparatus 
by  means  of  which  the  circuit  is  completed  for  an  instant,  the 
moment  that  there  appears  at  a  circular  opening  about  three 
fourths  of  an  inch  in  diameter  a  card,  red  or  white  as  1  choose, 
which  completely  fills  the  opening.     The  subject  is  instructed 
to  watch  this  opening,  and  to  close  the  circuit,  by  pressing  for  a 
moment  upon  tne  key,  immediately  upon  seeing  the  card.    The 
actual  appearance  of  the  card  and  his  closing  the  circuit  in  re- 
sponse are  roistered  upon  the  band  of  paper  by  two  dots,  sep- 
arated by  an  interval  approximating  perhaps  to  one-fifth  of  an 
inch,     ifow  by  carefully  measuring  this  interval  and  comparing 
it  with  the  registered  second,  I  obtain,  of  course,  an  expression 
for  the  time  occupied  by  the  somewhat  complex  operation  of 
his  perceiving  the  object  and  acting  in  response  to  that  per- 
ception.    I  introduce  the  exercLsc  of  judgment  by  giving  nim 
two  keys,  one  for  the  right  and  one  for  the  left  hand,  and  in- 
structing that  when  a  wnite  card  appears  he  is  to  close  with  his 
right  hand,  and  when  a  red  card  appears  he  is  to  close  with  his 
left  hand.     Of  course  a  considerably  longer  time  intervenes  be- 
tween the  appearance  of  the  card  and  his  response  in  this  case 
than  in  the  former,  and  I  have  endeavored  to  express  the  actual 
time  consumed  in  making  a  decision  as  to  the  color  of  the  card 
by  subtracting  the  former  result  fi-om  the  latter ;  since  in  each 
case  there  is  the  same  perception  of  the  card  and  the  same 
muscular  action  in  response. 

I  have  also  placed  on  white  cards  two  figures,  differing  in 
form  as  much  as  possible,  as  a  circle  and  a  triangle,  operating 
with  them  in  the  same  manner  as  in  case  of  two  colors.  To 
obtain  accurately  the  time  intervening  between  the  appearance 
of  an  object  and  a  simple  muscular  response,  I  did  not  depend 
upon  the  experiment  with  the  card,  which  might  involve  some 
sources  of  error  (which  if  they  exist,  however,  are  destroyed  by 
cancellation  in  the  determinations  concerning  the  exercise  of 
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judgment),  but  I  also  made  a  series  of  exMnments  in  the  dark 
An  electnc  spark,  produced  simultBneonsly  with  the  dosing  of 
the  circuit,  was  observed  and  a  response  made  to  its  appeaianoe 
by  pressing  the  finger  upon  the  £07.    Aocording  to  uie  same 
general  plan,  with  appropriate  apparatus  I  made  triak  ooncem- 
ing  the  sense  of  hearing.    I  arranged  that  bj  pressing  upon  a 
key,  unseen  by  the  subject  upon  miom  I  was  expdrimentmg,  I 
could  at  the  same  time  close  the  circuit  and  produce  a  dear  and 
distinct  sound,  upon  hearing  which  he  made  a  responsei  the 
interval  of  time  Wng  measured  as  befora    I  connected  my 
appi^tus  with  the  key-board  of  a  piano-forte  in  sucli  a  way 
that  r  was  able  to  introduce  an  ezeroiBe  of  judgment  in  the 
comparison  of  two  tones,  differing  in  pitch  much  or  little  as  I 
chose.    As  will  be  seen  in  the  results,  by  comparing  C  with  E 
and  also  C  with  its  octave,  it  appears,  as  musicians  genoally 
ajBSrm,  that  it  is  most  difficult  to  distinguish  a  tone  from  its 
octave.    To  study  in  the  same  way  the  sense  of  feelings  I  a^ 
ranged  an  apparatus  in  such  a  manner  that  I  could  hold  it  in 
my  nand  and  close  the  circuit  by  striking  my  subject  a  smart 
blow  upon  the  head,  &ce  or  handi^  as  I  mi^ht  desire.    The  part 
of  the  instrument  which  came  in  contact  with  the  skin  consisted 
of  a  piece  of  rough,  coarse  sand-paper  about  three  fourths  of  an 
inch  sG^uare,  so  that  the  effect  might  be  as  immediate  and  pramnt 
as  possible.    In  every  case  two  series  of  experiments  were  maoe, 
one  by  making  the  blow  upon  the  back  of  the  hand  and  anoAer 
by  making  it  fall  about  the  center  of  the  forehead.    (MT  ooune 
the  person  upon  whom  I  was  operating  was  prevented  froia 
seeing  or  being  able  in  any  manner  to  anticipate  the  blow.    In 
all  of  the  cases  except  a  single  one  the  result  was,  as  in  the 
example  following,  that  it  required  less  time  to  respond  when 
the  blow  was  received  upon  the  forehead  than  wlum  it  was  re- 
ceived upon  the  hand.    This  difference  may,  partially,  represoit 
the  time  required  for  transmission  of  a  sensation  £rom  the  hand 
to  the  brain.    In  the  single  exception  referred  to,  the  anonudr 
was  nndoubtedlv  in  wrt  due  to  a  fact  afterward  ccHnmunicated 
to  me  by  the  subject  nimselC    He  informed  me  that  the  back 
of  his  hand  had  acquired  by  "  cultivation  "  a  sensibility  greater 
than  usual ;  that  in  his  occupation — that  of  a  chemist — he  con- 
tinually used  it  as  a  means  of  testing  the  fineness  of  powders. 
With  different  persons  as  many  as  two  thousand  individual 
trials  have  been  made  and  the  errors  of  experiment  eliminated, 
as  far  as  possible,  by  the  method  of  averages.     I  give  below  a 
table  of  the  reduced  results  in  one  case,  in  which  each  number 
is  the  mean  of  the  results  of  from  forty  to  eighty  trials.     As 
was  anticipated,  different  individuals  furnished  in  some  cases 
strikingly  difterent  results,  but  with  the  one  exception  given 
above,  they  all  followed,  I  believe,  the  order  of  the  following : 
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Case  of  A.  G.  F.  Time  in  seconds. 

KesponBe  to  appearance  of  a  white  card, '292 

"         "  "  electric  spark, -203 

"         "  a  sound, -138 

"         "'   "  touch  upon  the  forehead, -107 

"         "  "      "  "      "    hand, -117 

"  when  required  to  decide  between  white  and  red, . .   '443 

"  "           "         "        "           "      circle  and  triangle,  -494 

"  "           "        "        "          "       tones  C  and  E, -.  -  -336 

"  "           "         "        "           "          "  C  and  C  above,  -428 

Experiments  of  a  similar  nature  to  those  which  I  have  here 
recorded  have  been  made  by  several  European  experimentalists, 
but  none,  I  believe,  in  exactly  the  same  manner ;  and  as  the 
subject  seems  worthy  of  attention  I  hope  to  pursue  it  further. 

Oolumbus,  Ohio,  May,  1871. 


Abt.  XXIIL — On  the  amount  of  Time  necessary  for  Vision;  by 
Ogden  N.  Rood,  Prof,  of  Physics  in  Columbia  College. 

In  the  celebrated  experiment  of  Wheatstone  on  the  duration 
of  the  discharge  of  a  Leyden  jar,  the  conclusion  was  drawn  that 
distinct  vision  is  possible  in  less  than  one  millionth  of  a  second. 
The  incorrectness  of  the  data  on  which  this  conclusion  rested 
was  afterward  pointed  out  in  an  admirable  investigation  by 
Feddersen,  who  remarks  on  this  point :  "  One  cannot  hereafter 
assume,  in  optical  and  physiological  experiments,  that  the  dis- 
charge of  a  Leyden  iar  is  an  instantaneous  act ;  but  at  the  same 
time,  by  the  determination  of  the  greatest  suitable  resistance,  it 
will  be  possible  to  limit  the  discharge  to  its  least  possible  dura- 
tion."* The  smallest  measured  duration  obtained  by  Fedder- 
sen was  one-millionth  of  a  second. 

In  an  article  in  the  present  number  of  this  Journal  I  show 
how,  by  the  use  of  a  much  smaller  electrical  surface,  I  obtained 
and  measured  sparks  the  duration  of  whose  main  constituent 
was  only  forty  bulionths  of  a  second.  With  their  light,  distinct 
vision  is  possible ;  thus,  for  example,  the  letters  on  a  printed 
page  are  plainly  to  be  seen ;  also,  if  a  polariscope  be  used,  the 
cross  and  rings  around  the  axes  of  crystals  can  be  observed 
with  all  their  peculiarities,  and  errors  in  the  azimuth  of  the 
analyzing  prism  noticed.  There  seems  also  to  be  evidence  that 
this  minute  interval  of  time  is  sufficient  for  the  production  of 
various  subjective  optical  phenomena :  for  example,  for  the 
recognition  of  Loewe  s  rings  (using  cobalt  glass) ;  also  the  radi- 
ating structure  of  the  crystalline  lens  can  be  detected  when  the 
light  is  suitably  presented  to  the  eye. 

*  Pogg.  Annalen,  Band  cxiii,  p.  453. 
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Hence  it  is  plain  that  forty  billionths  of  a  second  is  quite 
sufficient  for  the  production  on  the  retina  of  a  strong  and  dis- 
tinct impression  ;  and  as  the  obliteration  of  the  micrometric  lines 
in  the  experiment  referred  to,  could  only  take  place  from  the 
circumstance  that  the  retina  retains  and  combines  a  whole  series 
of  impressions,  whose  joint  duration  is  forty  billionths  of  a 
second,  it  follows  that  a  much  smaller  interval  of  time  will 
sufKce  for  vision.  If  we  limit  the  number  of  views  of  the  lines 
presented  to  the  eye  in  a  single  case  to  ten,  it  would  result  tliftt 
four  billionths  of  a  second  is  sufficient  for  human  vision,  though 
the  probability  is  that  a  far  shorter  time  would  answer  as  well 
or  nearly  as  well.  All  of  which  is  not  so  wonderful,  if  we  ac- 
cept the  doctrines  of  the  Undulatory  Theory  of  light ;  for  ac- 
cording to  it,  in  four  billionths  of  a  second,  nearly  two  and  a 
half  millions  of  the  mean  undulations  of  light  reacn  and  act  on 
the  eye. 

Xew  York,  June  30th,  1871. 


Art.  XXIV. — On  tJie  nature  and  duration  of  the  disc/iarge  of  a 
Lei/den  Jar  connected  with  an  Induction  Coil;  by  Ogden  N. 
Rood,  Prof,  of  Physics  in  Columbia  College. 

Part  Second. 

In  the  first  part  of  this  paj)er*  I  described  certain  results 
obtained  with  a  Leyden  jar  of  moderate  size  connected  with  aa 
induction  coil ;  measurements  of  the  totJil  duration  of  its  dis- 
charge were  given,  and  it  was  shown  that  the  luminous  effects 
were  mainly  concentrated  in  the  Jirsi  act^  which  was  found  so 
short  us  to  he  quite  inuneasurable  with  the  means  then  at  mv 
disposal.  As  one  main  object  in  these  experiments  was  the 
pn^duction  of  an  illumination  as  nearly  instantaneous  as  possi- 
ble— the  intention  being  to  emj)loy  it  hereafter  in  a  totally 
ditfercnt  investigation — it  occurred  to  me  that  the  desired  end 
might  be  still  more  perfectlv  attained  by  the  use  of  a  quite 
small  electrical  surface.  In  tlie  set  of  experiments  above  men- 
tioned, the  coating  ol'  the  jar  was  1144  square  inches,  so  this 
was  now  replaced  by  ajar  with  a  coating  ot  only  eleven  square 
inclics.  The  sparks  it  iiirnishcil,  when  connected  with  the  same 
indurtion  (;oil,  were  perfectly  satisluctorv  as  regards  illuniinnt- 
uiii:  jxnver;  and  I  iit  once  })nH'ecde(l  to  measure  their  duration, 
(Muploying  the  mcnns  and  npp.-iratus  already  describetl.  For 
tli(»  mirror  F.  used  silvered  Ldass,  tli(^  ])olished  silrer  side  reflect- 
in^*  the  light;  its  size  was  lialt'an  ineh  square.  The  rod  figurtM 
iit  W  was  removed,  witli  of  eoui*se  great  advantaue  to  the  vo- 

♦  See  this  Jounial,  vol.  xlviii.  Sept.  18»  9. 
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locity ;  and  as  several  discharges  occurred  in  a  second,  it  was 
seldom  that  the  weight  ran  down  without  at  least  one  good 
observation  being  obtained. 

With  this  mirror  making  not  less  than  800  turns  in  a  second, 
I  was  greatly  surprised  to  find  that  the  image  of  the  spark  on 
the  ground  glass,  as  viewed  by  the  naked  eye,  was  quite  un- 
affected in  appearance,  looking  about  the  same  as  though  the 
mirror  had  oeen  stationary.  This  experiment,  which  was  re- 
peated daily,  gave  uniformly  the  same  result,  and  proved  that 
the  total  duration  of  the  discharge  was  incomparably  shorter 
than  in  the  case  of  the  larger  jar.  When  the  paper  with  the 
black  lines  ruled  on  it  was  used,  they  were  seen  equally  distinct 
with  the  highest  as  well  as  with  the  lowest  velocities ;  and  all 
the  evidence  went  to  show  that  the  discharge  of  this  small  jar 
consisted  of  a  single  act^  whose  duration  was  immeasurably  short. 
Knowing  well  the  inestimable  value  in  certain  physical  inqui- 
ries of  a  source  of  illumination  of  this  character,  a  series  of  more 
deliberate  experiments  were  now  instituted  for  the  purpose  of 
examining  in  detail  its  nature,  and,  if  possible,  duration. 

The  mirror  was  made  to  revolve  300  times  in  a  second,  the 
image  received  on  the  ground  glass,  and  viewed  with  the  naked 
eye,  platinum  wires  jV  of  an  inch  in  diameter  being  used,  with 
a  striking  distance  of  five  millimeters.  The  result  was  as  above 
given,  the  spark-image  being  totally  unaffected — once  only  at 
one  of  its  ends  a  very  small  and  faint  streak  was  noticed.  Re- 
placing the  ground  glass  by  plain,  and  magnifying  the  image 
of  the  spark  with  an  eye-piece,  it  was  now  at  last  certainly  as- 
certained that  it  was  followed  by  a  minute  and  faint  tail  or 
streak  situated  at  its  extremities.  The  illuminating  power  of 
this  streak  was  trifling — less  than  one  per  cent  of  tliat  of  the 
unanalyzed  body  of  tlie  spark  it  belonged  to — and  its  length 
was  hardly  much  greater  than  the  breadth  of  the  micrometer 
lines  previously  employed.  The  platinum  wires  were  replaced 
by  others  of  zinc,  and,  as  was  expected,  the  tail  was  rendered 
more  easily  visible,  and  attempts  were  made  to  compare  its  size 
with  the  thickness  of  single  micrometer  lines,  which  proved 
difficult  and  uncertain,  owing  partly  to  the  variable  position 
assumed  by  the  spark-image  in  the  field  of  the  eye-piece.  Al- 
though for  practical  purposes  the  duration  of  this  faint  tail  or 
streak  is  only  of  slight  importance,  still  for  the  sake  of  com- 
pleteness a  new  form  of  micrometer  was  devised  capable  of 
effecting  its  measurement,  and  I  cannot  but  hope  that  the  gen- 
eral plan  employed  may  hereafter  prove  useful  m  parallel  lines 
of  investigation.  The  point  to  be  gained  was  to  have  the  mi- 
crometer always  appliea  to  the  object  to  be  measured;  the 
spark-image  must  carry  its  own  micrometer — must  in  some  way 
be  made  as  it  were  to  measure  itself. 
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yficTomtlrr. — Let  the  sparic  be  penerated  at  S,  fig.  1 :  its  light, 

1.  falling  OD   toe  statjoaarr  mirror  M,  Till 
ty    .,                          form  a  spark-image  at  I,  in  tiie  plane  of  the 

^  obeerriug  pUt&     If  at  the  tame  instant  a 

<\l       ft I    second  spark  be  generated  at  S',  its  image 

M^~y will  &11  at  I'.     Let  us  sappose  that  durii^ 

''  the  simaltaoeons  production  of  the  two 
sparks,  the  mirror  is  rotating  so  nipidl}^  as  to  be  able  to  draw 

2.  them  partiallT  oat  into  streaks,  then  we 

I  shall  have  the  appearance  presented  bj  fig, 
2.  the  distance  Detween  I  and  I'  varriog 
with  the  original  distance  between  the 
sparks;  and  it  is  evidently  possible  to  di- 
minish this  qoantity,  so  tBat  the  tail  of  I 
should  jxist  be  In  contact  with  the  edge  of 
its  companion.  In  this  war.  the  length  of  the  tail  can  be  meas- 
ured, it  being  afterward  onlv  necessary  to  measure  on  the  ob- 
serving plate  the  distance  of  the  spark-images  apart  when  seen 
with  tlic  stationary  mirror.  In  actual  practice,  at  S',  I  placed 
a  plane  mirror,  and  by  varying  its  inclination  with  a  screw,  ob- 
tained any  desirable  separation  of  the  images,  without  greatly 
injuring  tne  focal  adjustment  A  still  better  arrangement  is  to 
remove  this  mirror,  and  substitute  for  it  at  S'  a  small  strip  of 
white  jxipcr.  inclined  45°  so  as  to  receive  the  light  of  the  spark, 
as  it.s  feebler  luminosity,  straight  edge,  and  the  perfection  of 
tlie  joint  focus,  all  tend  to  increase  the  accuracy  oi  the  reaulta. 
This  pajjer  was  supported  bv  an  appropriate  stand,  and  wss 
movca  tdl  the  right  distance  ^ad  been  attained. 

Total  duration  of  the  discharge. 
As  was  tfj  be  expected,  this  was  found  subject  to  some  varia- 
tion in  individual  sparks.  AVith  zmc  points,  and  a  striking 
distance  of  otie  millimeter,  the  duration  varied  between  OOOOOl 
and  -0000020  of  a  second,  a  duration  as  long  as  two  and  a  half 
niilliimths  of  a  second  being  somewhat  rare.  With  greater 
striking  distances,  or  with  platinum  jioints,  the  tail  was  not  so 
well  devclo]K;d ;  but  sets  of  more  hasty  measurements  showed 
that  its  duration  in  tiiese  cases  did  not  widely  differ  from  the 
li^nii'is  alifivc  [riven.  With  zinc  jKiints,  and  a  striking  distance 
'>(  iii-ii  uiillimeter.s,  a  couple  of  careful  experiments  gave  i-e^nec- 
lively  ;,  .iurailoii  uf  -0001)022  ami  -OOOOOli)  of  a  second.  The 
rnciiii  ill  wliii-li  till-  ilctcriiiiiiadoiiw  were  ma  tie  was  usually  no; 
f.-iitii-1-ly  iliirki.'iK'il,  !iiilkc])t  in  something  of  a  twilight  condition, 
wliirli  is  iiiuiv  liivoralilc  for  jiruscrving  the  accommodation  of 
tlic  I'yc;  frimi  time  to  time  these  results  were  compared  with 
tlinsc  nhtaiticd  in  a  dark  room,  but  nothing  new  of  import:tuce 
was  til  us  elicited. 
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Although  with  the  improved  micrometric  method  above  de- 
scribed an  interval  of  time  as  small  as  one  millionth,  or  half  a 
millionth,  of  a  second  could,  as  has  been  s^n,  be  directly  meas- 
ured, still  with  its  aid  I  never  detected  any  sign  that  the  dura- 
tion of  the  great  body  of  the  spark  was  other  than  absohUely  instan- 
laneous  ;  as,  however,  all  the  light  of  the  spark  is  due  to  incan- 
descent material  particles,  we  must  suppose  that  an  infinitesimal 
portion  of  time  is  required  for  attaining  its  maximum  bright- 
ness, and  owing  to  the  same  reason  its  disappearance  demands 
another  distinct  period  however  excessively  minute.  Hence, 
we  may  represent  the  luminous  eflFects  of  the  discharge  by  a 


curve  conforming  more  or  less  to  that  here  figured,  in  which 
intensity  of  light  is  measured  in  a  vertical,  time  in  a  horizontal, 
direction.  This  curve  then,  (the  unbroken  line),  serves  to  give 
some  idea  of  the  relation  existing  at  successive  intervals  between 
the  luminosity  and  duration  of  a  single  discharge,  and  its  con- 
tinuity indicates  the  fact  that  there  is  no  real  interruption  at 
any  moment  The  curve  is  of  course  adapted  for  that  part  of 
the  discharge  next  to  the  electrodes,  or  for  electrodes  that  are 
near  together ;  for  in  the  case  where  they  are  distant  five  or  ten 
millimeters,  the  part  between  B  and  C  is  not  so  well  developed 

It  is  this  steep  peak  A  B  which  constitutes  what,  in  the  first 
part  of  this  paper,  I  have  characterized  as  "  the  first  and  most 
brilliant  act  of  the  discharge ;"  though  with  a  larger  Leyden  jar 
(114  square  inches),  it  is  neither  so  steep  as  in  the  present  case, 
nor  so  solitary,  being  followed  by  a  series  of  minor  elevations, 
while  with  a  small  jar  the  effective  luminosity  of  the  discharge 
is  almost  wholly  concentrated  in  it  In  the  present  case,  then, 
the  far  greater  brilliancy  of  the  light  at  the  beginning  of  the 
discharge  practically  separates  it  from  what  follows,  practically 
constitutes  it  a  first  distinct  act,  and  renders  its  measurement 
highly  desirable.  Later,  some  evidence  will  be  adduced  to 
show  that  the  curve  really  has  a  form  substantially  like  that 
here  ffiven,  instead  of  some  such  one  as  is  indicated  by  the 
dotted  line. 

For  the  purpose  of  measuring,  or  at  least  setting,  a  limit  at 
one  side  of  the  infinitesimal  period  of  time  involved,  I  employed 
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the  same  general  device  of  black  and  white  lines  previously  de- 
scribed. But  it  will  now  be  necessary  to  make  a  more  accurate 
analysis  of  their  relation  to  thejproblem  than  was  given  in  Part 
First  of  the  present  paper,  as  1  noticed  after  publication  that, 
owing  to  an  oversight,  the  statement  there  printed  is  partly  in- 
correct, though  the  results  there  given  are  not  vastly  affected, 
and  may  be  corrected  by  reading  on  the  last  page,  that  the  dis- 
charge was  proved  to  last  less  than  four,  instead  of  two,  ten- 
millionths  oi  a  second.  (Its  actual  duration  I  have  recently 
obtained,  and  state  at  the  end  of  the  present  paper.) 

If  two  black  lines  of  a  certain  breadth,  inclosing  between 
them  a  white  line  of  equal  breadth,  be  illuminated  by  the  spark, 
and  their  images  formed  on  the  observing  plate  by  the  lens  and 
mirror,  the  three  lines  will  evidently  be  seen  unaltered  in  ap 
pearance ;  provided,  1st,  that  the  mirror  is  stationary,  or  re- 
volving at  a  sufficiently  low  rate ;  or,  2d,  the  same  effect  will  be 
produced  with  a  rapidly  revolving  mirror  and  a  truly  instanta- 
neous spark.  If,  however,  the  illumination  of  the  spark  last 
sufficientlv  long  so  that  while  AB,  fig.  4,  represents  the  first 
view  obtained,  the  last  view  shall  be  represented  by  C  D  (moved 
to  the  left  till  superposition  has  been  attained),  tnen,  owing  to 
4.  the  retention  of  impressions  on  the  retina,  the 

distinction  between  the  black  and  white  lines 
will  be  exactly  obliterated,  and  a  tint  of  gray 

fToduced,  as  can  be  shown  by  a  constructioa 
n  fig.  4  the  first  and  last  views  only  are  given; 
but  as  the  action  is  an  unbroken  one,  we  must 
remember  that  between  them  properly  belong  a 
great  number  of  pictures,  with  a  gradually  in- 
creasing displacement.  Taking  this  number,  for 
example,  as  eleven,  then,  on  completing  the  construction  which 
is  begun  in  fig.  5  so  as  to  correspond  with  fig.  4,  it  will  be  seen 
that  the  result  is  a  gray  streak  shading  into  white  at  its  upper 
and  lower  boundaries,  and  that  all  the  interior  portions  are 
5  composed  either  of  resultants  produced  by  ad- 

ding five  parts  of  black  to  six  of  white,  or  the 
reverse.  And  in  general,  if  we  set  the  number 
of  views  equal  to  some  odd  number  greater 
than  unity,  we  shall  obtain  for  the  interior  por- 

parts  of  black,  with  -:l—  of  white. 


^'""^     2      ' "    --'  — -     2 

or  the  reverse ;  so  that  the  greater  the  number 
ol'  views  used  in  the  construction,  or  the  more 
we  approach  to  the  real  state  of  the  case  in  nature, 
the  more  perfect  will  be  the  balance  of  black 
and  white  obtained.  And  this  conclusion  is 
justified  by  experiment;  for  if  two  black  sec- 
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,  inclosing  between  them  a  white  sector  of  equal  breadth, 
painted  on  a  white  circular  disc  of  card-board,  and  viewed 

mirror  through  an  aperture  cut  in  the  same  disc,  when  it 
lade  to  revolve,  these  sectors  will  be  distinguishable  until 
observing  aperture  has  been  widened  so  that  it  is  equal  in 
idth  to  two  of  the  painted  sectors,  when  only  a  band  of  gray 
.  be  seen,  uniform  In  its  interior  portions,  and  shadinglnto 
te  at  its  two  extremities,  according  to  the  indications  of  the 
struction.  Furthermore,  making  the  disc  experiment  afresh, 
ihe  observing  aperture  is  gradually  widened,  it  is  easy  to 
5  the  growing  obscurity  ana  lack  of  sharpness  in  which  the 
ors  become  involved,  which  may  hereafter  serve  to  interpret 
•esponding  changes  in  the  image  produced  by  the  electric 
{harge,  or  explain  and  give  a  meaning  to  their  absence, 
nstead  of  usmg  only  two  lines,  the  same  result  can  far  more 
Iv  be  attained  oy  ruling  paper  with  a  large  number  of  i&ne 
IK  lines,  equidistant,  and  inclosing  white  spaces  of  their  own 
idth,  as  then  the  chances  for  observation  are  greatly  multi- 
d.  A  construction  made  on  the  same  plan,  lor  a  set  con- 
dng  a  large  number  of  lines  of  this  character,  will  show  that 
same  law  again  prevails,  that  the  extremes  shade  into  white, 
.  that  all  the  interior  portions  are  of  a  uniform  gray  tint : 
ce,  that  when  a  suoerposition  such  as  indicated  in  fig.l.ta^ 
n  obtained,  all  the  lines  will,  by  the  retention  of  impressions 
the  retina,  be  obliterated.  Naturally,  experiment  with  the 
5  gives  the  same  result. 

Accordingly,  I  again  used  the  same  set  of  lines  (on  paper) 
itioned  in  Part  First  of  this  article,  and  illuminatea  them 
b  the  electric  discharge  now  under  consideration.  With  the 
ror  revolving  340  times  in  a  second,  using  platinum  points 

a  striking  distance  of  two  millimeters,  the  lines  were  still 
1  with  an  eye-piece,  as  bright  and  clear  as  though  the  mirror 

been  stationary,  implying,  as  the  apparatus  was  then  ar- 
5ed,  a  duration,  for  the  first  act,  of  less  than  three  ten- 
lionths  of  a  second,  which  interval  would  have  been  required 

destructive  superposition.  Nothing  more  could  be  done 
ti  paper,  and  accordingly  I  covered  a  glass  plate  with  lamp- 
3k  by  smoking,  and  poured  over  it  a  few  drops  of  alcohol, 
ch,  acting  like  a  slignt  cement,  enabled  me  to  rule  lines  on 
^ith  a  small  dividing  engine.  After  many  trials  and  micro- 
3ic  examinations,  a  plate  was  produced  with  lines  black  and 
te  of  equal  breadth,  and  the  spark  being  discharged  behind 
m,  they  were  brightly  illuminated.  Their  image  was  thrown 
the  ODserving  pWe,  and  by  using  a  suflBicient  magnifjring 
rer  and  counting,  it  was  ascertained  that  the  breadth  oi  the 
ge  of  a  single  line,  black  or  white,  was  j\  of  a  millimeter, 
ice,  the  time  required  for  their  obliteration,  with  a  velocity 
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of  840  per  second,  was  ninety-four  billionths  of  a  seoond 
(•000000094);  still,  on  experimenting,  it  was  evident  that  the 
duration  of  the  discharge  was  less  than  this  quantity,  as  the 
lines  were  always  plainly  to  be  seen. 

Duration  of  the  first  act  of  the  discharge. 

Before  finally  abandoning  the  attempt  to  determine  the  ac- 
tual duration  of  the  discharge,  another  effort  was  made;  a 
second  lamp-black  plate  was  prepared,  in  which  the  breadth  of 
the  image  of  a  line,  black  or  white,  on  the  observing  plate  was 
-^f  of  a  millimeter.  These  lines  were  viewed  with  the  terres- 
trial eye-piece  of  a  small  telescope ;  it  enlarged  them  ten  diam- 
eters, and  care  was  taken  with  all  the  adjustments  so  that  a 
good  clean  image  should  be  produced.  Platinum  wires  jV  ^^ 
an  inch  in  diameter  were  \isea  with  a  striking  distance  of  five 
millimeters.  By  gradually  increasing  the  weight,  it  was  proved 
successively  that  the  duration  was  less  than  eighty,  sixtv-eight, 
fifty-nine,  nfty-five  billionths  of  a  second ;  and  finally,  the  lines 
after  growing  fainter  and  feinter,  entirely  disappeared,  giving  as 
the  result  a  duration  of  forty-eight  billionths  of  a  second.  In 
a  large  number  of  observations  I  could  detect  no  dischai^ge 
lasting  during  a  smaller  interval,  though  the  apparatus  was  now 
fully  capable  of  making  evident  much  smaller  periods  of  time; 

When  the  striking  aistance  was  reduced  to  one  millimeter, 
the  duration  was  shorter;  in  the  case  of  f  of  the  sparks,  the 
duration  was  slightly  greater  than  forty-one  billionths  of  a 
second,  the  remaining  \  being  slightly  less  than  this  figure. 

With  a  striking  distance  of  three  millimeters,  the  duration 
was  between  forty -one  and  forty-eight  billionths ;  and  when  the 
striking  distance  was  increased  to  ten  millimeters,  it  was  be- 
tween forty-eight  and  fifty-five  billionths  of  a  second. 

An  effort  was  made  to  make  a  corresponding  set  of  measure- 
ments with  brass  balls  instead  of  platinum  points ;  and  it  would 
seem  probable  that  the  duration  of  the  discharge  is  somewhat 
increased  by  their  use  (or  that  many  of  those  with  shorter  dura- 
tions are  suppressed).  With  brass  balls  not  nearly  so  many 
discharges  take  place  in  a  given  time  as  with  points ;  hence,  the 
work  becomes  tedious  and  less  certain.  The  evidence  from 
twenty-six  observations,  gathered  in  not  less  than  three  hours, 
went  to  show  that  the  duration  with  a  striking  distance  of  five 
inilliiiietcrs  was  between  forty -eight  and  fifty -five  billionths  of 
a  second. 

It  has  thus  been  shown  that  the  duration  of  the  first  act  of 
the  electric  discharge  is  in  certain  cases  only  forty  billionths  of  a 
second,  an  interval  of  time  just  suflicient  to  enable  a  ray  of  light 
to  travel  over  forty  feet.  Tliis  act,  however,  is  only  practically 
isolated  ;  from  a  scientific  point  of  view  it  is  really  the  distance 
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A  B,  fig.  3,  which  has  been  measured ;  and  as  we  are  ignorant 
of  the  true  curve,  it  might  be  objected  that  the  real  curve  might 
just  as  well  be  supposed  to  be  like  that  given  with  dotted  line. 
There  is,  however,  experimental  evidence  to  show  that  this  is 
not  the  case  ;  for  on  tnis  supposition,  the  blurring  of  the  image 
would  begin  to  be  visbile  far  earlier,  i.  e.,  with  lower  velocities 
than  has  been  observed.  In  point  of  fact,  the  image  remains 
visibly  as  distinct  as  with  a  stationary  mirror  till  a  certain  stage, 
when  it  begins  to  be  affected,  becomes  regularly  less  distinct, 
and  vanishes ;  between  this  stage  and  the  final  disappearance, 
there  is  included  an  interval  of  time  which  is  barely  accounted 
for  by  the  gradual  sur^rposition  of  the  white  and  black  lines, 
as  I  assured  myself  oy  parallel  experiments  with  revolving 
discs,  provided  with  black  and  white  sectors,  and  an  observing 
aperture  of  varying  size. 

Hence  it  is  seen  that  we  have  an  excellent  source  of  illumin- 
ation, which  has  a  practical  duration  of  only  forty  billionths  of 
a  second  (•00000004) ;  and  I  am  not  without  hope  that  it  may 
hereafter  be  applied  to  the  solution  of  a  number  of  interestinff 
scientific  problems.  I  may  finally  add  that  with  another  ruled 
plate,  I  found  it  practicable  to  measure  intervals  as  small  as 
twenty-eight  billionths  of  a  second ;  and  the  mere  act  of  increas- 
ing the  focal  length  of  the  lens  L  would  admit  of  the  experi- 
menter reaching  a  quantity  as  small  as  ten  billionths — probably 
without  much  difficulty — though  it  would  be  necessary  to  pay 
more  attention  to  the  correction  of  the.  optical  part  of  tne  appa- 
ratus, and  the  observations  would  naturally  consume  threefold 
as  much  time. 

Duration  of  ihe  first  aci^  vnih  a  Leyden  jar  having  a  coating  of 

114'4  square  indies. 

With  the  improvements  above  described,  no  difficulty  was 
experienced  in  making  this  determination,  which,  as  shown  in 
Part  First  of  the  present  paper,  had  on  a  previous  occasion 
defied  all  my  efforts.  Platinum  points  and  a  striking  distance 
of  two  millimeteiB  were  employed  in  connection  with  the 
coarsest  of  the  three  lamp-bla!ck  plates ;  but  when  the  mirror 
made  only  188  turns  in  a  second,  it  was  ascertained  that  the 
duration  of  this  first  act  was  OOOOOOITS  of  a  second,  or  about 
four  times  as  great  as  with  the  small  jar  and  the  same  striking 
distance. 

New  York,  June  29th,  1871. 
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Art.  XXIV. — Memoranda  concerning  the  introduction  of  At 
Manufacture  of  Spelter  into  the  Lnited  States;  by  JOSEPH 
Wharton. 

Spelter,  as  crude  metallic  zinc  is  called  in  commerce,  had 
never  before  the  year  1869,  been  produced  in  America  upon 
such  terms  as  to  give  hope  of  its  manufacture  becoming  a  set- 
tled industry  in  this  country. 

Mr.  John  Hitz  in  1888  made  enough  zinc  from  the  ores  of 
the  New  Jersey  Zinc  Co.,  to  supply  material  for  a  set  of  stan- 
dard U.  S.  weights  and  measures  in  brass,  but  the  quantity  pro- 
duced was  small,  and  the  cost  extremely  high. 

The  Lehigh  Zinc  Co.  caused  to  be  erected  in  1856  a  spelter 
furnace  at  their  mine  near  Friedensville,  Pa.,  upon  the  Silesian 
plan  ;  this  furnace,  though  apparently  well  constructed,  failed  to 
yield  any  zinc,  mainly  because  its  builder,  Mr.  Charles  Hoof- 
stetten,  was  unable  to  make  or  to  procure  any  suitable  mufflea 

Mr.  Samuel  Wetherill,  the  patentee  of  some  valuable  im- 
provements in  the  manufacture  of  zinc  oxide,  also  experimented 
m  a  spirited  manner  upon  the  production  of  metallic  zinc,  and 
actually  produced  some  at  South  Bethlehem,  Pa.,  as  early  as 
1868,  but  though  he  persevered  for  about  two  years,  and  made 
a  considerable  quantity  of  excellent  spelter — in  all  I  think 
about  50  tons — the  cost  price  was  too  high,  and  his  enterprise 
was  finally  abandoned  * 

Some  other  endeavors  of  less  significance  were  also  made 
which  need  not  now  be  mentioned ;  sundry  details  relating  to 
the  early  American  history  of  spelter-making  may,  however,  be 
found  in  the  New  American  Cfyclopedia  under  \he  head  Zinc, 
vol.  xvi,  pp.  636  and  644. 

The  present  paper  proposes  to  give  some  particulars,  which 
even  at  this  late  day  may  possess  interest^  concerning  that  at- 
tempt to  produce  spelter  in  this  country  which  really  succeeded 
in  establishing  the  mdustry  here,  upon  such  a  footing  as  to  ena- 
ble it  thenceforth  to  take  even  rank  Tvith  other  American  man- 
ufactures in  their  struggle  against  European  competition. 

Having  acquired  some  practical  knowledge  of  the  properties  of 
zinc,  bv  several  years  experience  as  general  manager  of  the 
Lehigh  Zinc  Cos.  mines  and  zinc  oxide  works,  and  having  also 
gathered  such  information  as  was  possible  from  books  and 
other  sources,  I  made  various  trials  during  1857  and  1858,  to 
invent  some  form  of  furnace  which  should  effect  the  evolution 
and  condensation  of  zinc  vapor  in  a  larger  and  more  continu- 
ous way  than  was  practised  in  Europe,  and  which  should  thus 

♦  TliC  first  sheet  ziDC  made  in  America  was  roUed  by  Alan  Wood  k  Sons  of 
Philadelphia,  from  an  ingot  of  Mr.  Wethvriirs  spelter. 
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fill  in  a  simpler  and  more  scientific  manner,  what  seemed  to 
the  easy  theoretical  conditions  of  the  problem.  Some  of 
jse  attempts  were  not  devoid  of  ingenuity ;  they  cost  me 
ich  toil  and  money,  but  they  all  failed  utterly,  by  reason  of 
r  having  overlooked  one  or  another  of  what  may  be  called 
»  conditions  of  secondary  impjortance.  They  served  very 
'le  purpose  but  to  instruct  me  in  the  real  difficulties  of  the 
inufacture,  and  T  revert  to  them  now  mainly  to  point  out  to 
r  younger  or  more  sanguine  readers  that  it  is  usually  very 
i  economy  to  labor  over  the  rudiments  of  an  art  which  is  to 
transplanted,  repeating  perhaps,  many  futile  unpublished 
periments  of  its  founders,  when  it  is  at  all  practicable  for 
;m  to  adopt  the  processes  successfully  used  elsewhere. 
In  the  year  1859,  abandoning  these  original  flights,  I  built 
•  the  Lehigh  Zinc  Co.,  at  South  Bethlehem,  Pennsylvania,  a 
Lgle  spelter  furnace  of  about  45  retorts,  upon  the  Belgian 
in  ana  by  the  aid  of  several  Belgian  workmen  imported  for 
3  purpose.  Since  it  was  necessary  for  permanent  success  that 
ly  conveniently  accessible  and  cheap  American  materials 
ould  be  used,  the  fuel  employed  was  exclusively  Pennsyl- 
nia  anthracite,  the  retorts  and  condensers  were  made  by  our- 
ves,  mainly  from  the  fire  clay  of  Perth  Amboy,  New  tiersey, 
d  the  ore  was  hydrous  silicate  of  zinc,  from  the  Lehigh  Zinc 
•.'s  mine  near  Friedensville,  four  miles  south  from  Bethlehem, 
innsylvania. 

This  experiment  was  continued  for  several  months,  and  was 
idded  into  five  periods  or  campaigns.  After  its  close  I  fur- 
jhed  to  the  Lehigh  Zinc  Co.,  in  September,  1859,  a  report,  from 
lich  the  figures  below  are  extracted  ;  these  give  the  average 
mlts  of  the  last  three  of  those  periodjs,  and  snow  the  expen- 
iures  calculated  to  the  1000  lbs.  of  the  spelter  produced. 
The  price  of  ore  was  here  assumed  at  rather  more  than  the 
3t  of  mining  and.  hauling  to  the  furnace  ;  the  price  of  coal 
IS  that  actually  paid  for  the  small  sizes  employed,  then  rela- 
^ely  less  valuea  than  now ;  the  wages  were  of  course  high, 
cause  but  a  single  furnace  was  operated,  and  we  were  leam- 
5,  viz: 

J04  lbs.  raw  zinc  ore  at  $2.50  per  2,240  lbs., $  4.80 

MS  lbs.  anthracite  coal  at  $1.75  per  2,240  lbs., 6.11 

ages,  including  manufacture  of  retorts,  Ac, 20.46 

ay,  Ac,  and  the  preparation  thereof, 1.76 

(pairs  of  furnace  and  tools, 6.00 

3am  power, 1.00 

snt  of  buildings, , 60 

iperintendance,  office  expenses,  &c.,  not  counted), 

Total  cost  of  1,000  lbs.  Spelter, $40.71 
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The  entire  eost  of  this  experiment,  including  the  importation 
of  workmen,  construction  of  furnace  and  tools,  and  all  collatenl 
expenses  was  $3,795.89.  The  quantity  of  spelter  produced  ww 
34,063  lbs. 

That  report  naturally  excited  in  the  minds  of  the  Lehigh 
Zinc  Company,  a  strong  desire  to  engage  at  once  in  the  manu- 
facture of  spelter,  since  not  only  were  the  technical  difficulties 
in  the  way  of  this  great  prize  overcome,  and  the  product  of 
excellent  quality,  but  the  cost  was  within  the  market  price, 
and  there  were  apparent  margins  for  economizinjg  in  sevenl 
particulars.  On  the  other  hand  doubts  naturally  lingered  as  to 
the  possibility  of  attaining  the  expected  results  upon  a  laige 
scale,  and  the  financial  position  of  the  Company  was  at  that 
time  such  as  to  enforce  caution.  Both  funds  and  courage  were 
in  fact  rather  lacking,  and  though  I  made  various  propositions, 
including  one  to  build  the  desired  fectory  at  my  own  cost^  tak- 
ing pay  in  a  reduction  in  the  price  of  ore  which  I  would  buy  to 
treat  in  the  factory  on  my  own  account,  no  satisfactory  arrange- 
ment could  be  immediately  made. 

Ultimately,  however,  an  agreement  was  entered  into  between 
that  Company  and  myself,  on  the  13th  of  December,  1859,  by 
which  I  engaged  for  the  sum  of  $30,000,  to  convey  to  them  a 
suitable  piece  of  ground  in  South  Bethlehem,  Penn.,  and  to 
erect  thereupon  bv  July  1,  1860,  a  complete  Spelter  Works,  of 
sixteen  Belgian  furnaces,  each  containing  fifty-four  working 
retorts  ;  the  furnaces  to  be  enclosed  in  a  suitable  stone  or  brick 
building  with  slate  roof,  155  feet  long  and  40  feet  wide ;  tbe 
establishment  to  be  provided  with  steam  en^ne  and  boilers, 
steam  pump  drawing  water  from  the  Lehigh  nver,  blowers,  ore- 
crushing  mill  and  store  room — all  these  latter  to  be  enclosed  in 
a  suitable  stone  building  with  slate  roof — also  to  be  provided 
with  pottery  fully  equipped  with  clay  mills  «and  apparatus  to 
make  all  tfre  bricks,  retorts,  condensers,  etc.,  neecfcd  in  the 
business,  ore-roasting  furnaces,  air  flues  and  water  pipes,  rail- 
road into  yard,  coal  bins,  etc.,  and  to  be  in  all  respects  capable 
of  making  from  the  Lehigh  Zinc  Co.  s  selected  or  lump  ores 
3,000,000  lbs.  of  spelter  annually,  I  also  bought  from  the 
Company  16,000  tons  (of  2,352  lbs.  each,  moist  weight)  of  their 
selected  ore  at  $7  per  ton  for  the  first  5,000  tons,  $7.50  per  ton 
for  the  second  5,000  tons,  and  $8  per  ton,  for  the  third  5.000 
tons ;  the  average  of  which  prices  was  calculated  to  equal  the 
average  ])rice  which  had  bcfu  theretofore  received  for  several 
considerable  lots  of  similar  ore,  sent  by  the  Company  to  Eng- 
land. I  also  agreed  to  rent  the  factory  to  be  built  as  above 
mentioned,  from'  July  1,  1860  until  Jan.  1,  1863  at  $3,000,  per 
annum,  and  at  the  end  of  that  period  to  hand  it  over  to  the 
Lehigh  Zim*  Co.,  in  complete  running  order  for  producing  the 
stipulated  3,000,000  lbs.  of  spelter  annually. 
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arrangement  offered  to  the  Company  as  nearly  absolute 
:y  as  the  nature  of  the  case  permitted,  that  they  should 
1  expense  and  without  risk  or  trouble  to  themselves  be 

0  possession,  after  two  and  a  half  years,  of  a  complete 
and  an  established  business,  while  meanwhile  deriving 

•rofit  from  the  sale  of  ore,  which  at  that  time  cost  about 
ton  delivered  in  the  factory  yard.* 

1  my  side,  relying  upon  the  correctness  of  my  own  esti- 
ind  upon  my  ability  to  establish  the  business,  and  assum- 
it  the  average  price  of  spelter  in  this  country  for  the 
ng  twentv-five  years  (viz :  about  6^  cts.  per  Id.)  would 
It  maintained  for  the  ensuing  two  or  three  years,  I  could 
ount  upon  a  reasonable  profit  even  after  making  some 
ice  for  mischances. 

vere  winter  prevented  much  progress  in  building  until 
ing  of  1860,  though  one  block  of  ftirnaces  was  actually 
under  cover  of  a  tight  temporary  wooden  building ;  a 
in  the  spring  destroyed  the  foundations  of  some  of  the 
;s ;  the  thick  middle  wall  separating  the  backs  of  the 
pairs  of  furnaces,  and  supporting  the  covering  arches, 
first  made  of  a  semi-refractory  red  brick  of  the  neighbor- 
lovered  on  each  side  toward  the  furnaces  by  about  12 
Df  fire  bricks  ;  those  middle  walls  melted  out,  and  had  to 
aced  by  solid  fire  brick  masonry.  In  spite,  however,  of 
nd  similar  difficulties,  everything  was  completed  so  nearly 
ng  to  programme,  that  1,100,580  lbs.  of  spelter  was 
Q  the  new  factory  before  the  end  of  the  year  1860 ;  a 
lich  would  have  been  impossible,  but  for  tne  precaution 
I  had  taken  of  importing  a  number  of  trained  Belgian 
en,  who  arrived  in  August,  1860,  about  the  time  the 
were  completed.  As  the  factory  worked  irregularly  in 
r  1860,  and  the  furnaces  were  brought  into  use  gradually, 
Kik  after  another,  as  they  were  finished,  I  give  no  details 
operations  for  that  year. 

ndicate  what  manner  of  difficulties  lie  in  wait  for  the 
anter  of  an  industry  into  this  country,  I  may  here  re- 
hat  though  the  factory  as  at  first  planned  and  built  was 
itially  right  in  all  important  points,  and  my  estimates  of 
production  were  justified  in  practice,  yet  a  number  of 
ions  to  circumstances  or  partial  changes  proved  to  be 

I  mj  Reports  to  the  Lehigh  Zinc  Company,  as  General  Manager  of  their 
1  works,  I  find  the  cost  of  zinc  ore  deliyered  in  the  yard  of  their  Zinc 
>rka  in  South  Bethlehem,  which  adjoined  the  Spelter  works,  to  have  been 
>ar  ending  April  1,  1859,  $1.66  9-10  per  ton  of  2,240  lbs.  moist  weight, 
le  year  ending  April  1,  I860,  $1.7  J  3-10  per  similar  ton.  The  average 
yses  of  representative  specimens  of  the  ore  delivered  to  zinc  oxide  works, 
s  times,  shows  26*60  per  cent  zinc  oxide. 
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necessary :  a  force  of  furnace  men  taken  from  such  laborers  as 
were  accessible  here,  and  instructed  in  the  industry,  became  un- 
ruly before  they  were  half  trained,  and  presuming  upon  their 
supposed  monopoly  of  the  art  and  mv  supposed  necesBitie8. 
began  to  demand  extravagant  wages  ana  privil^es  tantamount 
to  control  of  the  works,  and  were  only  brought  mto  subordina- 
tion by  the  unexpected  arrival,  in  June,  1861,  of  a  second  colony 
of  Belgians,  whom  I  had  quietly  sent  for  betimes :  a  manager 
brought  over  from  England  proved  unsatisfactory,  thus  oblig- 
ing me  to  take  personal  charge  of  everything  for  the  entire 
term :  those  dykes  against  the  inundation  of  foreign  spelter^ 
which  I  had  expected  from  a  tariff  upon  it  approaching  the 
average  of  that  upon  other  imported  goods,  were  prevented  by 
the  importers,  aided  by  some  American  spelter  buvers,  who  dis- 
regarded the  fact  that  their  interest  demanded  a  nome  produc- 
tion. Early  in  1861,  the  demand  for  all  goods  had  become 
very  light  in  view  of  the  threatening  political  aspect,  and  iny 
spelter,  though  of  the  choicest  quality  and  a  few  months  before 
eagerly  taken,  could  not  be  disposed  of  except  in  small  quanti- 
ties and  at  extremely  low  prices.  A  large  stock  accumulated 
in  my  hands,  while  money  with  which  to  continue  the  manu- 
facture became  very  scarce. 

The  factory  was,  however,  driven  unremittingly,  and  its 
operations  during  the  year  1861  were  as  follows  : 

Per  diem         Per  diem 
per  ftunuMse.     per  retort. 

Days  work  of  1  furnace,  ^il^H 

Days  work  of  1  retort,  223,548 

Retorts  consumed  in  1861,  12,986            3*14            *085 

Condensers     *                "  34,425            8-31              154 

Raw  ore        "                "  11,994,794 lbs.    2,89'71b8.    53-66]b8. 

Roasted  ore   '^                "  9,879,000  "      2,386  "      4419  " 

Fuel  coal       ''    (including  steam  power, 

pottery,  Ac.,)  18,948,273  "      4,577  "      84*76  " 

Charge  coal  consumed  in  1861,  3,709,350"         896"       16*69*' 

Spelter  produced,                 "  3,158,630"         763"       14*17  •' 

Per  centage  yield  of  ore  counted  as  raw,  26*33  p.  c. 

Per  centage  yield  of  ore  coimted  as  roasted,        31-97     " 

Loss  in  weight  of  Raw  ore  by  roasting,  17*63     " 

Ratio  of  Coal  consumed  to  Spelter  made,  7*17  to  1 

Average  duration  of  Retorts  in  days,  17*21 

Average  duration  of  Condensers  in  days,  6.49 

The  total  amount  of  wages  paid  for  the  year,  for  all  purposes 
except  the  office  expenses,  was  §44,113.54,  or  per  1000  lbs.  of 
spelter  produced  $13.96. 

The  total  cost  of  spelter  iu  1861,  including  not  only  ore,  coal, 
pottery  materials  and  wages,  but  also  rent,  repairs,  contingent 
and  office  expenses — every  outlay  in  fact  except  selling  ex* 
p(Mise — was  $34.70  j)er  lOOi)  lbs.  at  the  factoiy.  The  net  average 
price  received  for  spelter  sold  in  1861  was  $42.97  per  1000  ifc. 
at  the  factory. 
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B  year  1862  the  supply  of  ore  was  of  somewhat  inferior 
yet  by  the  sliding  scale  of  price  payable  under  the 
it  cost  more  per  ton  than  in  1861 ;  tnese  disadvantages 
eutralizing  those  economies  which  greater  experience 
binual  diligence  rendered  possible, 
ost  of  spelter  in  1862,  including  as  in  1861  all  items  of 
except  interest  on  working  capital,  but  excluding  sell- 
enses  or  any  allowance  for  my  own  exertions,  was 
)er  1000  lbs.  at  the  factory, 
articulars  of  operations  for  1862  were  as  follows : 


PerdlMD 

Per  diem 

porfomace. 

per  retort. 

rk  of  1  furnace, 

4,705 

Tk  of  1  retort, 

258,509 

x>ii8umed  io  1862, 

13,614 

2-89 

•053 

9r.s    "              " 

47,870 

1017 

-185 

n                   a 

14,209,169  lbs. 

3,020  lbs. 

54*91  lbs. 

ore  **             •• 

12,532,130  *• 

2,664  " 

48-44  *• 

1       '*    (including  steam  engine, 

ft  Ac.,) 

26,451,844  " 

5,622  " 

102  22  " 

1      "•  (in  Spelter  furnaces  alone,) 

22,236,164  " 

4,726  " 

86-02  »» 

!oal  " 

5,296,256  " 

1,126  " 

20-47  '* 

raoting  material  consumed, 

1,974,919  " 

420  '» 

7-64  " 

da                  *'        (broken 

SACL,) 

1,089,132  *' 

221  •' 

402  ♦* 

>roduced  in  1862, 

3,704,676  " 

787  " 

14-31   " 

age  yield  of  ore  counted  as  raw, 

2607  p.  a 

» 

age  jield  of  ore  counted  as  roasted,        29*66    ** 

wreight  of  Raw  ore  by  roasting, 

11-80     *♦ 

Coal  consumed  to  Spelter  made, 

8.57  to  1 

duration  of  Retorts  in  days, 

18-99 

duration  of  Oondensers  in  days. 

5-40 

il  amount  of  wages  paid  in  1862  for  all  purposes  ex- 
ce  expenses  (and  for  brick-making  as  below  stated)  was 
09,  or,  per  1000  lbs.  of  spelter  produced,  $12.96. 
bove  figures,  showing  coal  and  refracting  material  used, 
jes  expended,  as  also  the  sum  stated  lor  total  cost  of 
in  1862,  include  the  fire  bricks  of  all  sorts  used  in  re- 
1  of  which  were  made  on  the  premises,  but  do  not  in- 
ipenditures,  receipts  and  materials  for  95,680  fire  bricks 
I  the  works  beyond  its  own  requirements  and  sold  to 
bablishments  at  a  slight  profit. 

mailer  loss  of  weight  by  roasting  in  1862  than  in  1861, 
Her  difference  in  yield  as  calculated  on  the  ore  when 
e^hen  roasted,  and  the  increased  consumption  of  coal, 
►m  the  fact  that  the  proportion  of  carbonate  of  zinc 
ppeared  in  the  ore  of  1861  did  not  exist  in  that  of  1862 ; 
r  being  almost  exclusively  silicate  of  zinc,  an  ore  more 
7  and  poorer  than  the  carbonate,  and  having  nothing 
)y  roasting  but  water. 

;ase  of  the  factory  was  extended  from  January  1,  to 
1863,  in  order  to  compensate  for  certain  deficient  de- 
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liveries  of  ore.  On  the  latter  date  I  surrendered  possession  to 
the  Lehigh  Zinc  Co.,  and  have  consequently  no  later  statistics 
than  those  above  given  except  for  the  months  of  January,  Feb- 
ruary and  March,  1868,  wnose  details  resemble  those  of  the 
prexjeding  periods  so  closely  that  I  will  give  here  only  the  lead- 
ing figures,  viz : 

Raw  ore  consumed  in  first  three  months  of  1863,  4,184,544  Ibe. 

Charge  coal     "               "               do.                 "  1,349,880  « 

Fuel  coal,        "               "              do.                 "  7,083,798  « 

Spelter  produced,           "               do.                 "  986,080  " 

A  resum^  of  the  spelter  produced  during  the  entire  term  shows 

it  to  have  been  in  the  fraction  of  1860,  1,100,680  lbs. 

during  the  year         1861,  3,168,680  "* 

"             "               1862,  3,704,676  « 

**      3  months  of  1863,  986,080  '' 

Total,  8,949,966     ** 

This  weight  being  not  that  shown  by  the  daily  furnace  state- 
ments, but  the  weight  actually  sold  and  delivered  to  purchasersL 

I  am  aware  that  to  give  the  details  here  presented  their  foil 
scientific  or  technical  value,  they  should  be  accompanied  by 
reliable  statements  of  the  composition  of  the  ores  treated, 
and  of  the  slags  thrown  out,  but  no  continuous  series  of 
analyses  was  made  of  either  ores  or  slags,  since  my  duties  as 
superintendent,  bookkeeper,  and  business  manager  of  the  estab- 
lishment prevented  a  very  close  attention  to  its  chemistry. 
Among  my  analyses,  however,  are  those  of  5  specimens  of  ore 
at  various  times  in  1859  and  1860,  which  were  of  such  a  nature 
as  to  be  fairly  presentable  for  samples  of  the  ore  treated  in  the 
spelter  works  :  these  five  specimens  show  an  average  of  36"07 
per  cent  metallic  zinc. 

It  is  to  be  remarked  that  these  analyses,  and  also  the  weights 
given  above  of  raw  ore  consumed,  are  of  the  moist  ore  as  re- 
ceived from  the  mina  The  moisture  in  a  large  quantity  of  ore 
set  apart  as  a  sample  of  that  to  be  delivered  at  the  spelter 
works  was  5*58  per  cent,  but  this  is  less  than  was  sometimes 
present,  particularly  in  the  year  1861  and  the  spring  of  1862. 

Nine  specimens  examined  for  moisture  at  various  times,  and 
representing  with  considerable  fairness  the  ore  delivered  in  the 
last  named  periods,  show  an  average  moisture  of  8*83  per  cent 

Of  sl«igs,  I  find  only  two  reliable  anal3^ses ;  one  made  in  No- 
vember and  one  in  December,  1860 ;  from  their  proximity  to 
each  other  in  time,  and  from  their  occurrence  in  the  earliest 
working  of  the  establishment,  they  can  hardly  be  presented  as 
representative  specimens.  It  is  not,  however,  to  be  doubted 
that  the  slags  were  always  tolerably  rich  in  zinc,  since  of  the  ore 
treated  probably  at  least  -J  was  silicate  of  zinc,  only  the  remain- 
ing fraction  being  carbonate  of  zinc. 
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The  two  slags  named  do  not  diflFer  widely,  and  average  11  "46 
p  cent  metallic  zinc. 

It  seems  inexpedient  to  burden  this  paper  with  descriptions 
furnaces,  apparatus  or  processes,  since  all  were  but  copies, 
ghtly  modined  to  fit  local  circumstances,  of  the  well  known 
(Igian  furnaces,  apparatus  and  processes.  The  figures  given 
U  enable  the  metallurgist  to  compare  my  results  with  those 
other  establishments,  while  the  general  success  of  the  enter- 
ise,  in  fiace  of  the  oracular  opinions  of  interested  experts  that 
ic  distillation  required  the  lambent  fiame  of  bituminous  coal, 
d  could  not  be  effected  with  anthracite,  that  silicate  of  zinc 
d  not  been  and  could  not  be  made  to  yield  any  considerable 
rt  of  its  metal,  and  that  no  American  clays  were  capable  of 
thstanding  the  peculiar  trials  of  a  zinc  retort,  may  serve  to 
courage  some  of  my  countrymen  in  their  attacks  upon  other 
iropean  monopolies. 

A  few  details  of  my  experience  in  construction  may  be  use- 
.  Excluding  the  stone  foundation,  the  air  fines  leading  to 
'naces,  the  cast  iron  ingot  moulds,  and  the  sheet  iron  charge 
xes,  each  block  of  4  furnaces  required  the  following  material, 


I    • 


Ordinary  red  bricks,  13,000 

9  inch  fire  bricks,  11,000 

Fire  bricks  of  special  patterns,  71,864  lbs. 

Cast  iron  for  furnace  fronts,  doors,  braces,  Ac,  87,320  ** 
Wrought  iron  for  straps,  bolts,  Ac,  1,138  " 

Wrought  iron  for  tools  (plus  22  lbs.  cast  steel)    1,267  " 

[n  considering  the  statements  of  cost  given  in  this  paper,  the 
-der  must  bear  in  mind  that  it  is  not  now  possible  either  to 
ild,  or  to  produce  spelter,  so  cheaply  as  was  aone  in  the  years 
30  to  1868,  £pd  this  not  only  nor  principally  because  I  con- 
cted  the  business  with  unusual  assiduity  and  maintained  a 
fh  standard  of  efficiency  and  discipline  among  the  workmen, 
t  mainly  because  labor  is  now  much  higher  than  it  then  was, 
i  because  no  ore  of  equal  quality  can  n*ow  be  obtained  so 
^ly  in  a  spot  so  favorable  for  its  manufacture. 
The  quality  of  the  spelter  made  in  this  establishment  has 
irays  been  excellent,  and  has  caused  it  to  be  preferred  above 
other  sorts  for  zinc  castings,  and  for  all  purposes  requiring  a 
;h  degree  of  purity.  In  the  exhaustive  examination  of 
•ious  kinds  of  zinc,  communicated  in  May,  1860,  by  Drs. 
arles  W.  Eliot  and  Frank  H.  Storer,  to  the  American  Acad- 
y  of  Arts  and  Sciences,  my  zinc  was  found  to  excel  all 
lers ;  the  sample  No.  4  there  mentioned  was  made  by  me  in 
t  year  1859,  in  the  trial  furnace  spoken  of  in  the  earuer  part 
this  paper. 
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The  Lehigh  Zinc  Co.,  since  taking  possession  of  the  factory, 
have  maintained  the  high  character  oi  its  product,  and  the  zinc- 
rolling  mill  which  they  have  added  to  it  turns  out  sheet  zinc 
of  the  very  choicest  quality,  such  as  could  only  be  made  from 
spelter  of  the  highest  grada 

This  excellence  results  mainly  of  course  from  the  unusual 
purity  of  the  ores  of  Saucon  Valley ;  the  silicate  particularly, 
whict  has  always  been  the  predominant  ore  there,  being  notably 
freer  from  impurities,  not  only  than  most  ores  fix>m  other 
localities,  but  also  than  the  carbonate  which  abounded  in  the 
earlier  history  of  those  mines,  or  the  sulphide  which  appears 
more  and  more  as  the  depth  of  the  workings  increase. 

At  one  time,  in  order  to  produce  a  certain  quantity  of  su- 
perior zinc  for  chemical  uses,  I  seleijjbed  a  quantity  of  the 
cleanest  silicate  of  zinc,  calcined  it  in  a  new  roasting  furnace, 
rejected,  after  roasting,  all  pieces  which  from  discoloration  or 
otherwise  appeared  suspicious,  ground  it  in  a  clean  mill,  and 
then  distilled  it  in  a  furnace  which  had  never  before  been  used, 
rejecting  all  the  first  and  last  products  of  distillation  from  each 
charge  in  each  retort  The  zinc  thus  made,  amounting  to  seve- 
ral tons,  went  mostly  to  various  chemists,  and  is  doubtless  all 
consumed  except  a  few  ingots  which  I  still  retain.  It  was, 
however,  no  purer  than  that  examined  by  Drs.  Eliot  and  Storer, 
nor  is  this  surprising,  since  the  latter  was  made  in  a  new  fur- 
nace from  silicate  of  zinc  which  had  been  weathered  for  a  long 
time,  and  was  thus  freed  from  the  intermingled  clay  which 
othenvise  might  have  yielded  some  impurities. 

The  establishment  whose  origin  is  thus  sketched  is  still  in 
successful  operation,  and  though  its  activity  is  now  limited  by 
reason  of  an  insuflBcient  supply  of  ore,  there  is  good  reason  to 
believe  that  this  diJEculty  will  be  overcome  when  the  magnifi- 
cent pumping  apparatus  now  being  erected  by  the  Lehigh  Zinc 
Company  shall  enable  them  to  mine  at  greater  depths. 

The  entire  spelter  and  sheet  zinc  manufacture  of  the  United 
Stites,  now  a  large  and  growing  industry,  may  fiiirly  be  said  to 
have  sprung  from  this  factory,  for  not  only  was  it  the  pioneer 
in  point  of  time  by  at  least  two  years,  but  1  believe  that  neither 
of  tlie  others  succeeded  until  it  availed  itself  of  the  services  of 
men  procured  from  this  establishment 
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Art.  XXV. — The  Daily  Motion  of  a  Brick  Tower,  caused  by  Solar 
Heat;  by  Pro£  C.  G.  EocKWOOD,  Ph.D.,  Bowdoin  College. 

The  observations  which  form  the  subject  of  the  following 
discussion  were  made  in  the  spring  of  1866.  Some  recent 
notices  of  an  attempted  investigation  of  the  effect  of  solar  heat 
upon  the  dome  of  the  Capitol  at  Washington  have  induced  the 
publication  of  the  present  note ;  which,  though  not  a  perfectly 
satisfactory  solution  of  the  question,  it  is  hoped  may  still  pos- 
sess some  interest,  as  being,  so  far  as  I  am  aware,  the  most 
accurate  investigation  of  the  subject  that  has  been  made. 

The  observations  were  conducted  in  the  south  tower  of  the 
SheflSeld  Scientific  School  in  New  Haven,  Conn.  This  tower 
was  built  during  the  winter  of  1865,  but  was  still  unfinished 
in  April,  1866,  when  these  observations  were  commenced, 
although  all  the  brickwork  was  completed.  The  stuccoing  of 
the  outside  was  not  finished  until  June  1,  and  during  the  whole 
time  occupied  by  the  investiffation,  the  presence  of  the  work- 
men, with  scaflFoldings,  etc.,  although  not  vitiating  the  truth  of 
the  results  obtained,  was  a  hindrance  to  that  perfect  success 
which  might  be  expected  fix)m  a  repetition  of  the  experiments 
under  the  more  favorable  conditions  of  a  completed  tower  and 
more  delicate  instruments. 

The  structure  in  question  is  a  square  brick  tower,  stuccoed 
on  the  outside,  the  exterior  surface  oeing  much  broken  up  by 
recessed  windows  and  various  architectural  adornments.  The 
general  plan  of  the  building  precluded  the  use  of  solid  masonry 
in  the  tower,  which  would  nave  been  desirable  for  any  struc- 
ture designed,  as  was  this,  to  support  astronomical  instruments. 
The  walk  were,  however,  made  unusually  heavy,  and  in  order 
to  have  as  firm  a  base  as  possible  for  the  telescope,  the  upper 
story  was  arched  with  brick,  forming  a  solid  and  pretty  firm  bnck 
floor,  upon  which  now  rests  the  stone  pier  of  an  equatorial. 

The  whole  tower  is  surmounted  by  a  revolving  wooden 
turret  The  story  below  the  observatory,  and  immediately 
beneath  the  brick  arches,  is  occupied  by  the  works  of  tlie 
tower  clock. 

The  dimensions  of  the  tower  are  as  follows : 


Side  of  the  square  at  ground, 16i  feet 

"  "         "   top  of  brickwork, 15      " 

Thickness  of  walls  at  first  story, 27  inches. 

"  "        "  top  of  brickwork, 16      " 

*'  "         where  the  arches  spring, 20      " 

Height  to  top  of  turret,  90  feet. 

"  "    brickwork, 80      " 

"        floor  of  observatory  room, 75      " 
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The  M.wor  is  eonneoted  :.'j  its  lionh  5i«le  \rith  the  main  build- 
iru;  ibr  an  altiniJe  of  abou:  45  feet.  Pnytrcting  trom  the  south 
siie  of  the  main  builJinsr.  ii  has  irs  ni»rth  wail  in  a  line  with, 
aii'i  :'•  Tilling  vjjx  oL  ilie  ^•.••..;tL  wall  •.■!  :iie  buii Jing.  The  whole 
t  iid<:^  st;tn'.U  in  a  jo.-itiou  iiiolineil  t«»  the  meridian,  the  sides 
or*  the  'ouil- 1:112.  aii'l  C'jnse-i^ueritly  those  of  the  tower,  havicg 
th-r  direc-noTi  X.  2^"  30"  E. 

Pnjvi-ius  observations  elsewhere  <at  Bunker  Hill  Monument) 
had  led  lo  the  aj.i'reheiisiijn  that  such  a  tower.  V»esides  being 
s'l'-itrc:  to  trem^iTs  eommuiiicateii  trom  the  frround,  would  have 
;.  -lerlnite  aiid  S'»:aowhat  rejilar  'I-jaW  motion,  dependent  upon 
:r.e  induenoe  of  the  sun's  heat  in  exjxiudinsr  the  materials  of 
•.vi.ioh  it  was  eorap>st^.l.  Tiie  object  Ibr  which  this  investiga- 
tion was  underu'iken  was  to  ascenain  whether  this  motion 
wu:i!i  aitc'.-t  the  use  o:  the  teltsc->{>e  «jr  noL 

In  ori'.T  t*)  investigate  the  m^jtion  in  the  present  case,  two 
levels  were  placel  at  right  angles  with  each  other,  upon  a  flat 
s:"!:e  embedded  in  the  brick:  tlo*.»r  oi  the  t>bservatory  room  (to 
av..:  1  anv  un-ieterminod  chan vres  which  might  affect  the  wood- 
work  u  an«.l  tlieir  indications  were  rccoi*de»i  from  time  to  time. 
Anv  lipping  or  motion  of  the  lower  would  of  course  change 
the  plane  of  this  lio^'r  by  tlie  same  amount,  and  would  be 
siio-.vii  by  a  corresp-^nling  motion  ol  the  bubble  of  one  or  both 
of  the  levels.     The  levels  used  were: 

I.  The  striding  level  ..f  a  small  tn^»nsit  instrument,  the  pro- 
p-.-ity  i.if  Prof.  C.  S.  Lviiiau.  This  level,  supported  by  its  in»n 
st;iU  1.  Wiis  i:>hieeil  parallel  ti.>  the  f'r'*nt  o(  the  tovrer,  and  there- 
I'.-re.  aj'proxiuKitciV  east  an<i  west.  It  was  read  by  a  scale 
L::'if'l';a:'.'-1  to  hundivdths  ot  an  inch.  Examination  ^vith  a 
p.'vel-rrier  gave  1  inch- 3i»"'37  as  tlie  value  of  its  division.^. 

II.  An  umnounted  Ertel  bubble,  which  restc«;l  directly  uj^on 
the  sr'>!u.'.  being  j 'laced  paraliel  to  the  ^oh^  of  the  tower,  and 
5»  aj  proxi  in  atelv  north  and  south.  It  was  read  by  a  scale  of 
te!;ths  ot'  an  inch,  graduated  ujK^n  the  glass,  and  reading  bv 
esti::ia:ion  to  hundredths.  Prof.  Lvnian  had  pireviously  deter- 
m::;-.-d  the  value  of  the  divisions  ot  this  level  at  1  inch=5r"'7. 
which  wa?  a«lop:eil  in  redueing  the  observations. 

T!ie  levels  were  re'>M*de«l  six  ti:iie>  durinir  the  day,  at  inter- 
vals of  i^h'-ur  2^  liours :  th"'  lirst  reeoril  }»eiug  between  7  and 
S  A.  M.,  jind  :iie  "I:isr  l-t/tweeti  lo  aii.-  Up.  m.  The  series  ex- 
t'.-::  b.-.!.  \vith  s-'7:iv  ..•:[.•.-<•■ -iis.  ir.v:i  AjTiI  24th  to  July  7th:  but 
-■.;:■.•  ..f  ::.e  re-.-o:-.!-;  •■.^in--  a'^orw;;!-..!  n:L-i-:e«l  as  unreliable,  tiiv 
fni"!  r"S=;l*s  v.'-'r-*  "l  '■  'Jir-i  i'v^•:\\  the  ijisr'ission  of  «»}>servati««ns 
ui"Vi  .M*  dnv?.  iii'.-luded  Ix.'Tv.ot'Ti  Apr:'.  24t!:  and  Julv  2d.  Is0»). 

Am.  A  ^ 

It  will  \}0  ii'^tieed  rluit  :ib'»i;T  mtu'-I::;!:"  nt"  this  penod  was  before 
the  stuccoin.ir  of  the  t^'wer  ".'.-<  ».-"!::ileted  :  and  durinur  abf»'.it 
two  weeks,  from  May  loth  to  J;;ii-  1-:.  tlie  tower  was  j^itrtiaik 
■haded  fix>m  the  sun  bv  the  seatfoldiiiir  necessarv  to  this  work. 
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third  level  placed  with  the  others  upon  the  stone  floor, 
also  the  levels  of  a  zenith  telescope,  which  was  temporarily 
nted  on  a  brick  pier  in  the  room,  were  recorded  auring  a 
of  this  time,  but  as  their  results  were  not  employed  in  the 
assion,  it  is  not  necessary  to  notice  them  farther  than  to 
that  in  general  they  confirmed  the  indications  of  the  prin- 
1  levels. 

et  us  now  examine  briefly  what  would  be  the  probable 
ion  of  a  tower  thus  situated,  and  then  compare  this  theoret- 
result  with  that  given  by  the  recorded  level  readings, 
irst :  suppose  an  isolated  symmetrical  tower  of  homogene- 
material,  situated  at  the  equator  of  the  earth,  and  the  sun 
he  equinox.  The  diurnal  circle  of  the  sun  then  passes 
ugh  the  east  and  west  points  of  the  horizon  and  the  zenith 
he  tower.  In  the  morning  the  heat  of  the  sun*s  rays  would 
md  the  east  side  of  the  tower,  and  cause  it  to  lean  toward 
west  As  the  sun  rose  toward  the  zenith,  and  warmed 
illy  all  parts  of  the  tower,  it  would  gradually  return  to 
lean  position.  In  the  afternoon,  as  the  east  side  lost  its 
by  radiation  and  the  west  side  was  warmed  by  the  declin- 
3un,  it  would  lean  toward  the  east;  and  during  the  ni^ht 
Id  return  again  to  the  mean  position.  Thus  the  motion 
Id  be  back  and  forth  over  a  straight  east  and  west  line, 
gain,  suppose  the  same  tower  situated  at  the  pola  Then, 
e  the  sun's  rays  strike  it  during  the  whole  twenty-four  hours, 
always  at  the  same  angle,  the  tower,  leaning  always  from 
sun  and  always  to  the  same  amount,  would  follow  the  sun 
s  diurnal  revolution,  its  top  describing  a  circle  about  its 
nal  position. 

.t  any  station  intermediate  between  the  equator  and  the 
,  the  figure  described  by  the  tower  would  be  neither  a 
ght  line  nor  a  circle,  but  between  the  two,  i.  e.,  an  ellipse^ 
se  excentricity  diminishes  as  the  latitude  of  the  place 
easea 

1  the  case  under  discussion,  the  tower  is  in  N.  lat  41°  19', 
the  sun  was  near  the  summer  solstice.     The  sun  therefore 
about  30°  north  of  the  east  point,  culminated  south  of 
zenith,  and  set  north  of  west. 

he  inclination  of  the  tower,  being  opposite  the  sun,  would 
in  the  morning  southwest  and  west,  at  noon  north,  at  even- 
east  and  southeast,  and  during  the  night  it  might  be  sup- 
id  to  return  in  a  straight  line  to  its  mean  position.  Since 
3un*s  rays  strike  the  perpendicular  sides  of  the  tower  more 
juely  at  noon  than  at  morning  and  evening,  the  northward 
nation  would  be  less  than  the  westward  or  eastward,  and 
3urve  described  would  resemble  an  ellipse,  with  its  minor 
in  the  meridian,  and  probably  somewhat  flattened  on  the 
h« 
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This  tower  also  is  not  symmetrical  nor  isolated.  It  may  be 
cou»i«lere<;l  as  a  rijsrht  parallelopiped,  standing  with  its  sides 
incline«l  to  the  meridian,  and  for  half  its  height  joined  by  one 
side  to  a  large  building,  which,  so  far  as  any  effect  of  the  solir 
heat  is  concerned,  may  be  regarded  as  fixe(L  One  side  of  the 
tower  being  thus  firmly  held  by  its  connection  with  the  build- 
in  L^  any  motion  toward  or  from  the  building  would  be  simply 
check>:J  <  »r  retarded  without  change  in  direction  ;  while  to  any 
motion  at  right  angles  to  this  would  be  added  another  element, 
a  mution  in  azimuVi  or  a  twisting  of  the  tower  about  a  vertical  hne 
A  scale  was  prepared  in  a  distant  steeple,  and  the  zenith  teles- 
cope already  mentioned  was  directed  upon  it,  with  a  view  to 
determine  any  such  azimuthal  change.  The  obser\'ationiS  with 
this  arrangement  showed  a  probable  daily  change  of  8"  or  10" 
in  azimuth,  but  the  instability  of  the  telescope  and  other  causes 
so  far  impairet.1  their  value,  that  it  was  not  thought  best  to 
incorporate  them  in  this  discussion. 

The  recorded  obser\-ation5  give  a  series  of  level-readinra  at 
certain  hours  upon  59  days.  The  most  obvious  method  of 
combining  them  is  to  take  the  mean  of  the  rendings  for  all  the 
days.  a<  representing  the  probable  motion  of  tfie  tower  for 
any  one  dav.  Thus  combined,  the  means  are  as  follows,  the 
levels  being  desifimated  by  the  numerals  I  and  II,  and  the  level 
readings  having  been  reduced  to  seconds. 

J/Mn  Levtl  Readings. 

I.        — 5"-76         -0"-95         — r'-57         -7"-62         — 10"-67  -10"-43 

-*-Xorth. 

II.        +5"-W         -5"03         -».2"-97         — 0"-37  -  0"-78  +  3"-36 

If  now  we  let  these  numbers  be  the  abscissas  and  ordinate 
of  a  plane  cur\-e,  referred  to  rectangular  axes  in  the  direction 
of  the  levels,  this  eur^•e  will  be  the  liiriire  described  dailv  by 
the  normal  to  the  plane  oi^  the  levels  or  by  any  vertical  hne  of 
tlie  tinvor.  It  should  also  be  lK>rne  in  miiid  that  a  south  level 
real::  J  in.lieatt^?  a  north  iuoliuation  of  the  tower,  and  vice  versa; 
theroti  Te,  xo  repn^sent  the  actual  motion  of  the  tower  the  signs 
of  the  alnu-e  means  have  been  ehansreil  throughout  in  plotting 
tlie  eiirvo.  The  curve  thus  obtained  is  the  one  marked  A  in 
the  n.iirTiro.  the  points  given  by  the  observations  being  marked 
|\v  t::e  niinerals  1.  2,  8,  etc..  in  onler,  beirinninir  with  the  morn- 
iiiLT  .>l.s.Tvati«>n.  It  is  soon  to  be  an  im}>er{V.vt  ellipse,  witb  a 
niaior  ;:xis  of  ab-nit  12"  av.-l  n  iiiiiiiT  axis  of  about  5",  ami  the 
iiiv.i..!-  ;.xi<  O'VTK'i'ios  !UMr:v  \vi:ii  tV.o  luoridian.  It  thus  corre- 
s:vr..is  t"loraMy  wirii  wh:-.:  ha-i  ]^K:m  antioipate^l.  But  the 
im!ior  axis  of  tlie  rlliT'^o  is  ii-^t  oxaoily  in  t'le  meridian,  and 
t.ieoj;rvo  is  s-muov,  !iai  dattono-.l  o!i  tV.o  si'Uthwest  and  northeast 
Appar.'Mtlv  the  o.^niioo:iv^'.\  of  tlio  tower  with  the  main  build- 
lag  has  ehe^'kevi  the  north  and  soutii  motion,  and  so  sliorteiu**! 
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somewhat  the  extreme  ordinates;  as  we  see  that  by  simply 
lengthening  the 
ordinates  on  the 
northeast  and 
southwest,  the 
curve  may  be 
made  symmetri. 
cal  and  its  minor 
axis  be  brought 
into  the  merid- 
ian. 

But  it  is  evi- 
dent that,  in  any- 
thing which  de- 

pen<&  so  directly  upon  the  sun's  heat,  the  average  of  all  days 
will  not  give  a  true  result  It  is  necessary  to  make  a  distinc- 
tion between  clear  and  cloudy  days.  From  the  records  of  the 
weather,  the  observations  were  therefore  separated  into  two 
classes,  viz :  days  more  than  one-half  clear  and  days  more  than 
one-half  cloudy  ;  and  there  were  found  35  of  the  former  and  24 
of  the  latter.  The  level  readings  of  these  two  classes  were  then 
tabulated  separately,  and  the  mean  readings  taken  as  before,  to 
represent  the  probable  motion  of  any  one  clear  day  or  cloudy 
day.  The  mean  readings  of  the  two  tables,  with  the  mean  times 
of  observation,  were  as  follow : 

Mean  Level  Readings — Clear  Days. 
7h  SOm  A.  M.    ICHi  88m  a.  m.     Oh  S9m  P.  M.      8h  S2m  p.  m.      5h  SSm  p.  m.     Ktti  89in  p.  m* 


I. 

-2"-72 

+  4"-79         -f-3"-52 

— 5"-96         -10"-17 

-9"-33 

+Nortli. 

+  6"-52 

+  4"-48         +1"08 
Mean  Level  Readings— 

-3"-65         -  3"-86 
-  Cloudy  Days. 

+  1"-61 

7h  4Tm  A.  M. 
— 9"-94 

lOh  89m  A.  M.     Oh  SOm  P.  M. 
-8"-60         -8"65 

8h  83m  p.  M.      eh  8m  p.  m. 
-10"15       -ll"-43 

lOh  47m  P.  M 
-ll"-98 

+NOTtll. 

IL 

+  6"-82 

+  6"-76         +6"-59 

+   4"-49        +    3"-91 

+    5"-65 

These  averages,  with  the  signs  changed,  being  made  abscissas 
and  ordinates,  give  the  two  curves  marked  B  and  C,  the  obser- 
vations being  indicated  by  numerals  as  before. 

We  see  at  a  glance  how  necessary  to  a  true  result  was  the 
separation  into  two  series.  The  two  curves  have  indeed  the 
same  general  form,  but  how  different  their  sizes  and  positions. 
For  clear  days  the  longer  axis  is  about  17",  while  for  cloudy 
days  it  is  not  more  than  4".  The  curve  for  clear  days  shows 
the  same  shortening  of  the  ordinates  that  was  noticed  in  A, 
though  to  hardly  so  great  an  amount.  But  the  curve  for  cloudy 
days  is  very  much  distorted,  and  no  longer  resembles  an  ellipse. 

This  excessive  departure  from  the  normal  ellipse  can  not  be 
attributed  solely  to  the  connection  with  the  main  building,  for 


^ 


i 
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any  such  retarding  effect  as  has  been  supposed  should  be  greater 
wlien  the  absolute  amount  of  motion  was  greater,  and  therefore, 
should  ])e  more  evident  on  the  curve  for  clear  days. 

An  examination  of  the  figure  will,  however,  suggest  another, 
and  prol>abl y  the  true  explanation.  All  the  points  known  in 
the  curve  under  consideration,  except  the  one  given  by  the 
morninrj  observation  (market!  1),  may  be  found  upon  a  curve 
nearly  similar  to  the  one  for  clear  days.     And  the  distorted 

sition  of  this  point  may  be  accounted  for  by  the  supposition 
which  in  fact  should  not  be  unexpected),  that  on  a  cloudy  day 
the  sun  would  not  affect  the  tower  so  early  in  the  day  as  on  a  clev 
day.  Consequently,  when  the  effect  begins  to  be  perceptible,  the 
sun  has  already  passed  the  prime  vertical  so  far  as  to  shine  very 
obliipiely  uix)n  the  northeast  side  of  the  tower,  and  therefore 
the  tower  inclines  but  very  little  to  the  southwest  of  its  mean 
position,  and  the  corresponding  part  of  the  ellipse  is  wanting. 

Again,  the  curve  for  cloudy  days  lies  considerably  farther 
south  and  east  than  the  other,  instead  of  being  concentric  with 
it  As  tlie  south  side  of  the  tower  is  the  one  most  affected  bv 
the  sun's  heat  and  moreover  has  nearly  twice  the  free  altituae 
of  the  northeast  side,  it  might  naturally  be  supposed  to  expand 
most  under  the  influence  of  the  sun's  rays ;  ana  this,  combined 
with  the  connection  of  the  northeast  side  with  the  building,  and 
its  inclination  to  the  meridian,  would  throw  the  curve  for  clear 
davs  to  the  north  and  west  of  the  other,  as  it  is  found  to  be: 
It  is  noticeable  also  that  on  clear  davs  the  tower  is  thus  main- 
tained  out  of  its  normal  position  by  a  considerable  amount 

Still  more,  the  mean  inclination  of  the  sun's  rays  to  the 
vertical  lines  of  the  tower  at  noon,  on  the  davs  classed  as  clear, 
was  21^,  and  supposing  the  intensity  of  the  sun's  heat  to  vary 
as  the  sine  of  the  inclination,  the  minor  and  major  axes  of  the 
ellipse  should  be  to  each  other  as  sin  21°  to  sin  90**,  or  as  35 
to  1(M).  Xow  the  minor  axis  is  about  7'',  hence  the  major 
axis  shouW  be  from  this  cause  about  20''.  It  is  really  about 
17  .  a  discortlance  which  I  think  can  not  be  considered  great 
when  it  is  remembered  tliat  the  tower,  being  more  or  less 
shaded  by  trees,  etc.,  could  not,  even  on  a  clear  daj-,  be  affected 
by  the  sun,  until  the  latter  hud  risen  some  distance  above  the 
true  lioriz'^n  (^for  whieli  the  alx)ve  proix)rtion  is  calculated), 
and  tliat  the  inclined  position  ot  the  tower  to  the  meridian 
w«:>uM  prt>1.>;il>ly  also  alVoot  this  elemeut. 

Thi*  ci;rve  deduced  from  the  observations  is  thus  seen  to 
ex!iil)it  a  >'iilieient  JeL^ree  o{  eorrespoudenee.  with  what  had 
been  antieii'ated  iVmi  iheoretieal  considerations,  to  contirm  the 
tnuh  of  tile  reasoniiiiT :  the  drp:irtures  from  the  perfect  ellij^e 
beinir  no  gre;iter  than  can  he  ascribed  to  the  unsymmetrical 
position  of  the  tower,  its  connection  with  the  main  building, 
and  other  disturbing  causes.     In  all  this  discussion  the  varvins 
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powers  of  absorption,  radiation  and  conduction  of  the  materials 
of  the  tower  have  been  left  entirely  unnoticed.  They  would 
undoubtedly  have  their  place  in  a  complete  investigation,  but 
no  data  were  at  hand  for  estimating  their  influence. 

If  we  may  suppose  the  tower  to  be  equally  expanded  in  all 
parts  of  its  height,  the  vertical  side  would  be  changed  c  a 
mto  a  uniform  curve,  as  AB  in  the  figure ;  and  since  the 
deviation  from  a  vertical  is  small,  the  tangent  at  A 
would  cut  the  vertical  line  BC  nearly  at  the  middle 
point  between  B  and  C.  Therefore  CI)  is  nearly  one- 
naif  the  height  of  the  tower,  and  CA,  the  distance  which 
the  top  is  moved  from  its  normal  position,  would  be 
represented  by  CD  X  sin  CDA  =i  height  X  sin  of  ob-  bI 
served  change  of  level.  This  gives  for  the  length  of  CA  on 
an  average  clear  dav,  87*5  feet  X  sin  8"  5  =  '0185  inches,  or 
2.CA="087  inches,  the  major  axis  of  the  ellipse. 

But  for  obvious  reasons  the  upper  part  of  the  tower  would 
probably  be  most  affected  by  the  neat;  hence  CD  should  proba 
oly  be  taken  somewhat  less  than  one-half  the  height  and  the 
major  axis  of  the  ellipse  should  be  proportionately  diminished. 

As  an  indication  of  the  accuracy  of  the  results  obtained  from 
such  a  series  of  level  readings  as  the  above,  it  may  be  remarked, 
that  two  days,  which  in  the  reduction  of  the  tables  were  noticed 
as  showing  unusually  large  easterly  and  northerly  inclinations, 
were  afterwards  found,  by  reference  to  the  weather  record,  to 
have  been  marked  respectively  by  a  northeast  storm  and  a  cool 
north  wind.  The  effect  of  the  cold  rain  or  wind  in  causing 
contraction  of  that  side  upon  which  it  blew  was  thus  plainly 
recorded  by  the  level,  ana  a  good  illustration  afforded  of  the 
accuracy  of  which  this  method  of  investigation  is  susceptible. 

In  regard  to  the  practical  bearing  of  this  discussion  upon  the 
availability  of  such  towers  for  mounting  astronomical  instru- 
ments, it  may  be  sufficient,  without  entering  into  details,  to 
state  the  conclusion  arrived  at  in  the  present  case.  This  w^as, 
that  the  motion  of  the  tower  was  so  great  and  so  uncertain  as 
to  make  it  unfit  for  the  support  of  a  meridian  instrument,  but 
not  great  enough  to  seriously  interfere  with  the  differential 
measurements  lor  which  an  equatorial  is  principally  used. 
The  mean  hourly  change  was  not  more  than  l"-2,  which,  dur- 
ing the  few  minutes  of  an  observation,  would  be  insignificant 
unless  extreme  accuracy  was  desired,  and  might  be  combined 
with  the  unknown  accidental  errors  in  reducing  the  observations. 

In  conclusion,  I  would  express  my  thanks  to  Profe.  Newton 
and  Lyman  of  Yale  College,  to  whom  I  have  been  indebted  for 
the  use  of  instruments  and  for  valuable  suggestions  in  the  con- 
duct of  the  observations. 

Brunswick,  Me.,  Julj  llUi,  1871. 
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Art.  XX VL — On  the  destructive  DistUlatum  of  Light  Petroleum 
Naphthas,  at  comparatively  low  temperatures;  by  S.  Dasa 
Hayes,  State  Assayer  of  Massachusetts. 

Under  the  generic  term  naphtha,  as  applied  to  some  of  the 
distillates  obtained  in  the  arts  from  petroleum,  is  included  t 
sQries  of  hydrocarbons  having  specific  gravities  above  0743, 
or  between  0*625  (rhigolene)  and  0*742  (heavy  naphtha),  and 
boiling  points  varying  with  the  densities  from  65  F.  to  dOff 
F.  These  naphthas  have  distinguishing  characteristics  bj 
which  they  are  easily  recognized  and  which  place  them  in  a 
class  by  themselves ;  and  aside  fix>m  their  odors,  densities,  boil- 
ing points,  volatility,  and  solvent  powers,  a  noticeable  peculiaritv 
is  the  absence  of  oily  bodies :  they  do  not  leave  any  permanent 
stain  on  common  writing  paper  that  has  been  dipped  in  them, 
as  do  all  the  heavier  and  oily  distillates  obtained  from  petro- 
leum. The  redistillation  of  these  naphthas  under  different  con- 
ditions produces  other  hydrocarbons,  in  which  the  proportions 
of  hydrogen  and  carbon  are  not  only  changed,  but  some  of 
these  products  are  oils  that  will  stain  writing  paper  like  fats, 
and  it  is  possible  to  produce  crystallizable  paramne  from  these 
volatile  naphthas  by  properly  conducted  distillations^ 

In  the  summer  of  1861,  the  writer  had  occasion  to  redistill 
several  thousand  gallons  of  light  petroleum  naphtha,  which  was 
entirely  free  from  oily  bodies,  in  cast-iron  "  stills,"  heated  di- 
rectly oy  coal  fires  and  having  powerful  condensers  attached, 
such  as  were  then  common  in  coal-oil  refineries ;  and  it  was 
observed  that  besides  the  gases,  light  vapors,  and  a  greatly  di- 
minished volume  of  naphtha,  an  unexpectedly  large  proportion 
of  heavy  parafline  oils  was  obtained ;  and  after  the  distillations 
were  finished,  large  masses  of  separated  carbon  were  found  in 
the  stills,  as  in  the  ordinary  destructive  distillations  of  crude 
petroleum,  or  its  heavy  products. 

In  1862,*  Professor  Bacon  of  Harvard  Medical  College  ob- 
served, when  examining  a  sample  of  "  keroselene,"  a  light 
naphtha,  that  had  a  **  specific  gravity  of  0*640  at  72^  F.. 
and  when  heated  in  a  flask  containing  scraps  of  platinum  foil, 
it  began  to  boil  at  about  85°  F.  As  the  more  volatile  parts 
distilled  otf,  the  temperature  continued  to  rise,  and  at  170°  about 
three-ciuarters  of  the  liquid  had  evaporated.  It  continued  to 
boil  lro(4y,  but  the  whole  was  not  converted  into  vapor  until 
the  thermometer  hud  risen  considerably  above  800°.  It  is  re- 
markable that  keroselene  should  be  so  readily  and  completely 
volatile  at  atmospheric  temperatures.  1  foun^  that  keroselene 
and  S(]uibb's  ether,  exposed  in  watch  glasses,  lost  equal  weights 

♦  This  Journal,  Sept.,  1862. 
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I  two  and  a  half  and  three  and  a  half  minutes  respectively  ; 
nd  the  former  evaporated  completely  in  about  two-thirds  of 
le  time  required  for  the  other." 

This  peculiarity  of  petroleum  naphtha  has  been  so  often  ob- 
3rved  m  my  laboratory,  that  I  have  learned  to  avoid  the  em- 
loyment  of  heat  when  evaporating  solutions,  or  extracts  made 
1  them,  for  the  purpose  of  obtaining  the  substances  dissolved ; 
lecaose,  although  these  hydrocarbons  are  exceedingly  diflusive, 
nd  evaporate  entirely  and  very  rapidly  in  the  air  at  common 
smperatures,  yet  when  heated  above  their  boiling  points  (above 
5®  R,  in  the  case  of  keroselene),  they  undergo  destructive 
.ecomposition,  or,  if  in  a  flask,  destructive  distillation,  heavier 
ily  bodies  being  produced  which  are  difficult  to  remove  from 
be  residuum  of  such  evaporations. 

Within  the  past  year  an  apparatus  has  been  erected  in  Boston, 
>y  Mr.  Z.  A.  Willard,  for  generating  gases  and  hydrocarbon 
'apors  for  use  in  metallurgical  operations,  that  has  offered  an 
•pportunity  to  obtain  considerable  quantities  of  the  oils  made 
rom  naphtha,  distilled  at  temperatures  below  300°  F.,  and  I 
lave  examined  these  products  with  much  interest 

Willard's  apparatus  consists  of  three  or  more  upriffht  wrought- 
ron  cylinders,  having  a  capacity  of  several  hundred  gallons 
ach,  standing  near  a  common  steam  boiler,  and  which  are  con- 
lected  together  and  with  the  boiler  by  pipes  that  enter  at  the 
K>ttom  of  each  cylinder,  ending  there  and  starting  out  from  the 
op  of  each  again  to  connect  with  the  bottom  of  the  next ;  it  is 
bus  a  system  of  large  iron  Woulfe's  bottles,  the  first  being  con- 
lected  with  a  steam  boiler.  These  cylinders  or  gas  generators, 
rhen  in  operation,  are  about  half  full  of  gasoline  or  petroleum 
aphtha  of  the  lightest  and  cheapest  kind,  which  leaves  no  per- 
lanent  stain  on  note  paper,  while  steam  at  common  worKing 
emperature  and  pressure  is  passing  in  at  the  bottom  of  the 
jwt  cylinder,  bubbling  up  through  and  vaporizing  the  naphtha, 
ben  passing  into  the  other  cylinders  with  the  same  action. 
The  cylinders  are  provided  with  glass  tube  guages,  so  that  the 
hanges  occurring  inside  may  be  watched,  and  the  whole  appa- 
atus  and  contents  are  maintained  under  a  pressure  of  about 
iflv  pounds  to  the  inch  when  in  operation. 

Iq  this  apparatus  the  steam  and  naphtha  vapors  are  held  to- 
;ether  in  the  upper  part  of  the  cylinders,  above  the  liquid, 
inder  pressure,  and  at  a  temperature  of  about  212®  R,  or 
Quch  aoove  the  boiling  point  of  the  naphtha,  but  never  so  high 
18  800°  F. ;  and  the  decompositions  occur  in  the  vapors 
Bther  than  in  the  liquid,  light  uncondensable  gases  and  vapors 
laBsing  upward,  ana  heavy  oil  falling  down  into  the  naphtha 
lelow.  The  apparatus  was  operated  continuously  by  pump- 
Qg  in  naphtha  at  intervals  as  it  was  consumed,  and  after  the 
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heavy  oil  had  accumulated  it  was  drawn  off  at  the  bottom,  the 
largest  quantity  being  found  in  the  first  cylinder.  It  was 
found  that  tlie  longer  the  vapors  were  held  together  in  the 
apparatus,  heated  and  under  pressure,  the  more  perfect  were 
these  decompositions;  and  Mr.  Willard  obtained  at  different 
times  from  two  to  ten  per  cent  of  the  naphtha  as  heavy  oiL 

The  heavy  hydrocarbon  oil  obtained  in  this  way  has  a  dark 
yellowish-brown  color,  and  smells  of  the  adhering  naphtha  when 
fresh  ;  but  after  standing  exposed  to  the  air  for  a  few  days,  it 
loses  this  odor  and  becomes  nearly  neutral,  or  comparativel; 
free  from  offensive  odor.  Its  specific  gravity  varies  from  0*850 
to  0*860,  and  its  boiling  point,  after  it  is  freed  from  the  adher- 
ing naphtha,  is  above  400    F. 

It  does  not  evaporate  at  common  temperatures,  leaves  a 
permanent  greasy  stain  on  paper,  is  a  good  lubricator  for 
machinery,  and  when  redistilled  at  high  temperatures,  it  breaks 
up  into  lighter  and  heavier  liquid  hydrocarbons,  paraffine,  and 
separated  carbon.  It  is  essentially  a  paraffine  oi^  like  that  di 
the  same  density  obtained  directly  from  petroleum,  or  its 
heavy  products,  by  distillation. 

When  refining  petroleum  for  illuminating  purposes,  it  has 
been  desirable  to  break  up  the  heavier  products  and  convert 
them  into  the  light  hydrocarbons  generally  known  in  com- 
merce, in  this  country,  as  "  kerosene" ;  and  several  forms  of  dis- 
tilling apparatus  have  been  devised  for  this  purpose,  in  which 
the  vapors  of  these  bodies,  by  being  heated  above  their  boiling 

Eoints,  are  decomposed  or  "cracked,"  first  into  burning  oil  and 
eavy  products,  and  ultimately  into  buraing  oil  entirely.  But 
Mr.  Willard's  apparatus  demonstrates  that  light  petroleum 
naphthas,  and  probably  distilled  naphthas  from  coal  and  other 
sources,  may  be  "  cracked "  at  a  temperature  below  300**  F. 
into  lighter  and  heavier  products,  the  latter  being  paraffin  oils 
that  belong  to  a  class  of  hydrocarbons  entirely  different  from 
that  of  the  original  naphtha. 

Through  the  kindness  of  Prof  B.  Silliman,  I  have  received 
a  copy  of  his  report  on  the  "  petroleum  from  Venango  county, 
Pennsylvania,''*  since  the  first  part  of  this  article  was  written. 
It  is  a  memoir  that  has  never  been  published  in  any  scientific 
journal,  containing  the  results  of  an  extended  investigation  made 
in  the  s[)ring  of  1855,  being  undoubtedly  the  earliest  record  of 
any  cheniicnl  research  on  the  distillations  of  this  petroleum. 
And  I  take  the  liberty  of  quoting  from  it,  because  at  this  early 
date  Prof.  Silliman  found  that  the  products  obtained  from  pe- 
troleum are  not  simply  bodies  previously  existing  in  the  petro- 

*  Rei)ort  on  the  Rock  Oil  or  Petroleum  from  Venango  county,  Pennsylvania, 
"With  special  reference  to  itfl  use  for  illuminating  and  other  puri)08CB.  By  Prof.  B. 
:<illimau,  Jr.     New  Haven,  1865. 
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etna,  but  that  they  are  new  substances  formed  by  heat  and 
listillation. 

The  author  says :  "  The  uncertainty  of  the  boiling  points  in- 
licates  that  the  products  obtained  at  the  temperatures  named 
ibove  were  still  mixtures  of  others,  and  the  question  forces  itself 
ipon  us,  whether  these  several  oils  are  to  be  regarded  as  educts^ 
)r  whether  they  are  not  rather  produced  by  the  heat  and  chemi- 
»J  chanize  in  tne  process  of  distillation.  The  continued  appli- 
ation  oi  an  elevated  temperature  alone  is  sufficient  to  eflcect 
(hanges  in  the  constitution  of  many  organic  products,  evolving 
lew  bodies  not  before  existing  in  the  original  substanca''  And 
urther  on  in  the  report :  "  The  paraffine,  with  which  this  portion 
)f  the  oil  abounds,  does  not  exist  ready-formed  in  the  original 
;rude  product,  but  it  is  a  result  of  the  high  temperature  em- 
Joyed  in  the  process  of  distillation,  by  which  the  elements  are 
lewly  arranged."  When  describing  the  properties  of  the  iUum- 
nating  oils  distilled  from  this  petroleum,  Prof.  Silliman  states 
he  result  of  an  experiment  as  follows :  "  Exposed  for  many 
lays  in  an  open  vessel,  at  a  regulated  heat  below  212°,  the  oil 
pradually  rises  in  vapor,  as  may  be  seen  by  its  staining  the 
Mtper  used  to  cover  the  vessel  from  dust,  and  also  by  its  sensi- 
>le  diminution.  Six  or  eight  fluid  ounces,  exposed  in  this 
nanner  in  a  metallic  vessel  for  six  weeks  or  more,  the  heat 
lever  exceeding  200°,  gradually  and  slowly  diminished,  grew 
reUow,  and  finsSly  left  a  small  residue  of  dark  brown,  lustrous- 
ooking  resin,  or  pitchy  substance,  which  in  the  cold  was  hard 
ind  brittla  The  samples  of  oil  employed  were  very  nearly 
colorless.  This  is  remarkable  when  we  remember  that  the  tem- 
>erature  of  the  distillation  was  above  500°  F." 

It  is  remarkable  that  in  this  early  laboratory  investigation 
?ro£  Silliman  should  have  noted  the  production  of  entirely  new 
xxlies  by  the  destructive  distillation  of  petroleum,  such  as  are 
low  only  produced  in  large  quantities  in  manufacturing  opera- 
.ion&  The  "cracking"  of  petroleum,  as  a  necessary  result  of 
is  distillations  in  the  large  way,  was  not  generally  recognized 
)r  admitted  for  several  years  after  this  report  was  written,  and 
5ven  now  there  are  many  chemists  who  consider  these  as  simply 
hMctional  distillations ;  out  it  is  only  necessary  to  mix  the  dis- 
illAtes  together  again  and  try  to  reproduce  petroleum,  to  satis- 
actorily  prove  how  diflferent  the  products  are  from  the  original 
labstance. 

The  petroleum  upon  which  Prof  Silliman  reported  as  above 
lid  not  yield  any  of  the  light  naphtha  to  which  I  have  referred, 
lis  lightest  distillate  having  a  specific  gravity  of  783,  and  a 
x>iling  point  above  400°  F.,  probably  because  it  had  been  float- 
ng  on  water  exposed  to  the  sun,  or  because  it  was  thick  "  sur- 
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face  oiL"  Most  of  the  petroleum,  as  now  obtained  fix>m  wells  in 
Pennsylvania,  yields  by  the  first  distillation,  either  by  steam- 
heat  or  otherwise,  about  fifteen  per  cent  of  light  naphtha,  such 
as  is  commonly  called  gasolene,  benzine,  &c.,  which  is  entirely 
free  from  any  greasy  or  oily  constituent;  and  this  light  naphtha, 
by  distillation  at  comparatively  low  temperatures  as  described 
aoove,  yields  about  ten  per  cent  of  its  volume  of  heavy  poraffine 
oi7,  a  new  substance  proJluced  by  heating  the  vapors  above  the 
boiling  points  of  the  naphtha,  and  not  smiply  an  educt 


Art.  XXVIL — The  Paragenesis  and  Derivation  of  Copper  and 
its  associates  on  Lake  Superior  ;  by  Raphael  Pumpelly. 

Believing  that  we  can  arrive  at  a  knowledge  of  the  laws 
which  govern  the  distribution  of  ore-deposits  only  through  a 
careful  study  of  the  conditions  under  which  ores  occur,  and 
especially  of  the  relations  which  these  bear  to  their  mineral 
associates,  the  writer  hopes  through  the  present  paper  to  in- 
crease the  interest  in  active  and  accurate  investigations  of  this 
kind  among  the  many  competent  men  scattered  through  our 
mining  districts.     The  paper  is  divided  into  three  parts  : 

L  The  lithology  of  the  rocks  in  which  the  deposits  of  copper 
are  found. 

IL  The  paragenesis,  etc.,  of  the  mineral  associates  of  copper. 

KL  Conclusions  from  the  facts  observed. 

The  second  part  is  the  result  of  a  careful  study  of  several 
thousand  specimens.  No  series  was  admitted  to  the  list  when 
there  was  any  doubt  as  to  the  succession,  except  where  the 
doubt  is  indicated  by  an  interrogation  point. 

I.  LUhology  of  the  Trappean  Series. 

In  the  immediate  neighborhood  of  Portage  Lake,  the  strata 
composing  the  **  Mineral  Range  "  have  a  uniform  trend  of  N. 
35°  E.,  and  a  nearly  ecjually  regular  dip  of  55*'-60*'  to  W.N.W. 

The  eastern  limit  ol  the  "  range "  is  formed  by  a  strongly 
marked  and  generally  vertical  plane  of  demarkation  between 
the  highly  iDclined  cupriferous  series  of  rocks  and  the  sand- 
stones which  slope  gently  to  the  S.E.  This  sudden  break  is 
considered,  with  probably  the  best  of  reasons,  by  Foster  and 
Whitney,  and  afterwards  by  Rivot,  to  be  a  longituainal  fracture 
accompanied  by  a  dislocation  of  at  least  several  thousand  feet 
Foster  and  Whitney  looked  upon  the  sandstone  as  the  equiva- 
lent of  the  Potsdam,  while  the  Geologists  of  the  Canadian 
Survey  refer  it  to  the  Chazy,  and  both  authorities  agree  in  con- 
si«lering  it  to  be  younger  than  the  cupriferous  rock,  and  of  the 
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ame  age  as  the  sandstone  beds,  which  are  comformably  super- 
oipos^  over  the  trappean  series  on  the  west  side  of  Keweenaw 
^omt 

The  trappean  series  consists  of  beds  of  melaphyr,  varying  in 
hickness  from  20  feet  to  more  than  100  feet,  the  demarkation 
teing  frequently  defined  by  the  amygdaloidal  or  epidotic 
haracter  of  the  upper  portion  of  each  bed. 

At  intervals,  varying  from  a  few  yards  to  several  thousand 
eet,  beds  of  conglomerate  occur  intercalated  in  the  series. 

This  is  the  general  character  of  the  country  near  Portage 
!iake  for  a  distance  of  about  three  miles,  measured  from  the 
;reat  line  of  fracture  mentioned  above,  W.N.W.  across  the 
brmation. 

Still  farther  W.N.W.  the  rocks  are  little  known,  but  seem  to 
onsist  chiefly  of  sandstones  and  conglomerates. 

The  trappean  rocks  of  Portage  Lake  occur  uniformly  in  beds 
'^arying  from  a  few  feet  to  one  nundred  feet,  or  more,  in  thick- 
lesa  Frequently  an  appearance  of  subordinate  bedding  is 
•bservable,  arising  perhaps  from  the  existence  of  joints  lying 
parallel  to  the  plane  oi  stratification,  which  divide  the  rock 
nto  plates  a  few  inches  to  several  feet  thick. 

The  texture  of  the  many  varieties  varies  from  compact  and 
ometimes  porphyritic,  through  fine  grained  subcrystalline  or 
»rthy,  to  coarse-grained  and  distinctly  crystalline.  In  individ- 
lal  beds  the  texture  is  usually  found  to  undergo  a  more  or  less 
^dual  change  from  compact  or  granular  at  the  bottom  to  a 
'-esicular  or  amygdaloidal  condition  in  the  neighborhood  of  the 
langing  wall. 

Green,  of  various  shades,  is  the  dominating  <jolor,  and  next 
o  this  brown  and  dirty  red.  Light  and  dark  green,  mottled  or 
Deckled  with  brown  ;  dirty  brownish-green ;  r»idish-gray ;  and 
fark  green,  almost  black,  are  the  usual  colors. 

In  the  fresh  state  these  rocks  may  be  easily  scratched  with  a 
niife,  but  thev  are  exceedingly  tough  under  the  hammer,  and 
he  force  which  crushes  a  fragment  often  leaves  the  powder  very 
irmly  compacted. 

The  fracture  is  generally  uneven,  or  hackly,  to  imperfectly 
»nchoidal,  but  in  the  freshest,  and  especially  in  the  compact 
rarieties,  it  is  often  highly  conchoidal.  They  have  an  earthy 
>dor  often  even  without  having  been  breathea  upon. 

Some  varieties  yield  a  thick  beard  of  a  magnetic  iron  ore  to 
he  magnet,  while  others  contain  very  little  of  this  mineral 

The  ingredients  which  are  visible  under  the  glass,  and  which 
eem  to  be  common  to  all  varieties,  are  a  light  green  triclinic 
ildspar  apparently  labradorite  and  chloritic  mineral  of  dif- 
erent  shaaes  of  green,  while  the  magnet  reveals  a  very  varia- 
ble percentage  of  a  magnetic  iron  ;  and  in  some  of  the  coarser- 
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grained  varieties  small  jet  black  crystals  apparently  of  angite 
or  hornblende  are  occasionally  visible.  The  accessory  minerals 
observed,  many  or  all  of  which  are  probably  products  of  the 
alteration  of  the  above  constituents,  are  : 

A  brick-red  foliaoeous  mineral  resembliag  rubellaD,  occurring  as  very  minnte  spe^ 
in  some  fine-grained  yarietie<« :  it  lend^  a  soft  msty-brown  appearance  to  the 
weathered  surface,  and  speckles  the  interior  wi^  red. 

Specular-iron  in  minute  fiakes,  seemingly  more  fluent  in  the  ooaraer-grained  Tiri* 
eties. 

Calcite  in  seams,  and  more  frequently  in  grains  and  amygdules,  especially  in  the 
amygdaloidal  portion  of  the  beds. 

Epidote  rarely  crystallized ;  most  common  in  the  amygdaloidal  yartetiea,  but  fre- 
quent ly  in  seams  and  impregnations,  and  neariy  always  associated  with  qnartz 
which  occurs  in  amygdules  and  seams,  and  also  as  an  indurating  medium  near 
the  hanging  wall  of  many  beds. 

Prehnite  in  amygdules  and  seams,  mostly  confined  to  the  amygdaloidal  portion  of 
the  beds. 

A  chlorite-like  mineral,  soft,  compact,  amorphous,  greenish-black,  sometimes  altered 
to  brick-red,  occurring  in  grains  fhnn  pin-head  to  walnut  size. 

A  yellowish-green  soft  earthy  mineral,  probably  a  green  earth. 

Laumontite  and  leonhardite  in  seams  and  amygdules. 

Analcite  in  amygdules. 

Orthocla^  in  small  crystals  and  massive ;  in  amygdaloidal  cavities. 

Native  copper  sometimes  in  fine  impregnations  in  the  fine-g^rained  rook,  also  in  thin 
sheets  in  jointing  cradcs,  but  chiefly  in  the  amygdules,  masses,  sheets  and  im- 
pregnations whidi  form  the  metalliferous  deposits  in  the  amygdaloids  where  it 
is  occasionally  associated  witU  native  silver. 

Datholite  massive  in  the  amygdaloidal  portion  of  some  beds,  and  also  in  small 
ag^gfregations  of  mlcroeoopioal  crystals  in  the  same  positions. 

We  have  fortunately  several  recent  analyses  of  different 
and  typical  varieties  of  these  rocks,  made  by  Mr.  Thomas 
Macfarlane.* 

Of  one  of  the  coarser-grained  varieties  which  forms  very 
thick  beds  several  hundred  feet  west  of  the  Quincy  "  vein, ' 
Mr.  Macfarlane  says  :  "  It  is  distinctly  of  a  compound  nature, 
but  all  its  constituent  minerals  are  not  large  enough  to  be 
accurately  determined  Conspicuous  among  them  is  a  dark 
green  chloritic  mineral,  the  grains  of  which  vary  from  the 
smallest  size  to  onefourthof  an  inch  in  diameter.  In  the  latter 
case  they  are  irregularly  shaped,  with  rounded  angles,  but  they 
are  never  quite  round  or  amygdaloidal  [?].  They  frequently 
consist  in  the  center  of  dark  green  laminae.  The  mineral  is 
very  soft,  and  has  a  light  greenish-gray  streak.  It  fiises  readily 
before  the  blowpipe  to  a  black  magnetic  glass,  and  it  would 
seem  to  l>e  the  preponderating  element  in  the  rock.  The  other 
constituents  are  in  vorv'  fine  grains,  and  consist  of  a  reddish- 
gi-ay  feldspathic  mineral,  with  distinct  cleavage  planes,  and 
another  closely  resembling  it,  in  light  greenish-gray  particles, 
but  whether  of  a  feldspathic,  pyroxenic  or  homblendic  nature 
could  not  be  determined. 

*  Canadian  GeoL  Survey,  Report  of  Progress,  1863-1866,  p.  149. 


and  its  associates  on  Lake  Superior.  191 

The  prevailinff  color  of  the  rock  is  dark  grayish-greeu. 
Hydrochloric  acid  produces  no  effervescence  with  it,  even  when 
in  the  state  of  fine  powder.  Its  specific  gravity  is  2 '83,  and 
the  magnet  attracts  a  very  small  quantity  of  magnetite  from  its 
powder.  The  color  of  the  powder  when  fine  is  light  greenish- 
gray. 

When  ignited  it  loses  309  per  cent  of  its  weight,  and  changes 
to  a  light  brown  color.  When  digested  with  nitric  acid,  and 
afterwards  with  a  weak  solution  of  caustic  potash  (to  remove 
free  silica),  it  experiences,  including  the  loss  oy  ignition,  a  loss 
of  46*36  per  cent     This  consists  of 

Silica, 14-73 

Alumina, 7*17 

Peroxide  of  iron, 14*87 

Lime, 4*47 

Magnesia, 2*03 

Water, 3-09 

46-36 

In  the  undecomposed  residue  light-red  and  dark-colored 
particles  are  discernible.  On  digesting  it  with  hydrochloric 
acid,  and  subsequently  with  a  weak  solution  of  potash,  it  sus- 
tains a  farther  loss  of  10*6  per  cent,  which  consists  of 

Silica, 3*48 

Alumina, 3-03 

Peroxide  of  iron, 1-98 

Lime, 1-76 

Magnesia, -35 

10-60 

The  undecomposed  residue  was  still  found  to  consist  of  a 
light  red  and  a  dark-colored  constituent  The  latter  was  the 
heavier,  and  an  approximate  separation  was  accomplished  by 
washing.  The  dark-colored  particles,  which  could  not,  how- 
ever, be  freed  wholly  from  the  light-colored  feldspathic  consti- 
tuent, fused  readUy  to  a  dark  brown  glass.  To  judge  from  its 
gravity  and  fusibility,  it  would  not  appear  unreasonable  to 
r^ard  it  as  either  pyroxene  or  homblenda  In  quantity  it  did 
not,  however,  exce^  one-eighth  of  the  feldspar.  The  latter 
fused  easily  before  the  blowpipe  to  a  colorless  glass,  tinging  the 
fiame  strongly  vellow.  It  would  therefore  seem  to  be  of  the 
nature  of  labradorite,  although  it  is  only  slightly  decomposed 
by  hydrochloric  acid.  Since,  according  to  Girard,  neither  lab- 
radorite, pyroxene  nor  magnetite,  are  decomposable  by  nitric 
acid,  it  may  reasonably  be  concluded  that  the  constituents 
removed  by  the  nitric  acid  are  those  of  the  chloritic  mineral. 
On  treating  the  rock  previous  to  ignition,  much  of  the  iron  is 
removed  as  protoxide. 
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Although  some  peroxide  is  also  possibly  present,  I  have  cal- 
culated the  whole  of  the  iron  as  protoxide,  and  have  moreover, 
added  the  diflference  of  the  weight  between  it  and  the  iron 
estimated  as  peroxide  to  the  loss  sustained  by  igm'tion,  and  put 
it  down  as  water.  In  this  way  the  composition  of  the  cbloritic 
mineral,  calculated  to  100  parts,  would  be 

Silica, 31-78 

Alumina, 15*47 

Protoxide  of  iron, 28*87 

Lime, 9*64 

Magnesia, 4*37 

Water, 9*87 

100-00 

In  these  figures  the  quantity  of  iron  is  much  greater  and  that 
of  magnesia  much  less  than  in  ordinary  chlorite.  In  its  com- 
position, and  in  being  easily  decomposed  by  acids,  the  mineral 
most  closely  resembles  the  ferruginous  chlorite  of  Delesse,  (the 
delessite  of  Naumann)  but  differs  from  it  in  containing  a  con- 
siderable amount  of  lime,  and  in  being  readily  fused  before  the 
blowpipe.  Assuming,  nevertheless,  that  the  chloritic  consti- 
tuent is  delessite,  and  that  one-half  of  the  iron  removed  bv 
hydrochloric  acid  belongs  to  the  magnetite,  then  the  rock  would 
be  composed  mineralogically  of 

Delessite, 46  -36 

Labradorite, 47*43 

Pyroxene  or  hornblende, 6*26 

Magnetite, 0*95 

100*00 

By  the  same  method  of  analysis,  Mr.  Macfarlane  found  the 
rock  underlying  the  copper-bearing  bed  of  the  Quincy  mine  to 
consist  of 

Delessite  in  amygdules  and  grains, 38-00 

Labradorite, 62*00 

100-00 

This  rock  is  distinctly  amygdaloidal.  "  The  matrix  is  fine 
grained,  but  it  is  crystalline,  and  is  seen  to  consist  of  different 
constituents.  Its  color  is  dark  reddish-gray.''  Its  ca\'ities. 
rarel}^  the  size  of  a  pea,  are  filled  with  what  seems  to  be  the 
same  chloritic  minend  which  occurs  as  a  constituent  of  the 
rock  a})Ove  described. 

Mr.  Macfarlane  also  examined  the  rock  which  overlies  the 
Albany  and  Boston  conglomerate  at  the  Albany  and  Boston 
mine.  "  It  is  a  fine  grained  mixture  of  dark  green  delessite, 
greenish-gray  feldspar,   and  reddish-brown  mica,  some  of  the 


% 


and  its  associates  on  Lake  Superior.  193 

ninae  of  the  latter  showing  ruby-red  reflections.  Its  specific 
avity  is  2 '81,  and  the  smallest  trace  only  of  its  powder  is 
xacted  by  the  magnet"  He  considers  th^  mineralogical  com- 
sition  of  this  rock  to  be 

Delessite, 4000 

Mica, 20-00 

Labradorite, 40-00 

100-00 

The  rocks,  to  which  the  above  given  analyses  refer,  are  repre- 
itatives  of  the  three  predominating  types  of  the  trap  of 
•rtage  Lake.  Mr.  Macfarlane's  results  agree  very  closely 
th  my  own  observations  on  several  hundred  specimens,  aided 
the  blowpipe,  and  examination  of  external  characteristics. 
Everything  goes  to  show  that  the  normal,  essential  consti- 
5nts  of  these  rocks  are  in  their  present  condition  a  triclinic 
dspar,  probably  labradorite,  and  a  ferruginous  chlorite  closely 
iea  to  delessite.  This  composition  places  these  rocks  among 
3  typical  melaphyrs,  the  greater  specific  gravity  of  the  Portage 
ke  varieties  being  accounted  for  by  the  fact  that  the  sp.  gr. 
delessite  is  2*89,  while  that  of  ordinary  chlorite  ranges  from 
\o  to  2-78. 

Although  the  name  melaphyr  is  an  unfortunate  one,  having 
en  first  used  to  designate  an  entirely  different  rock,  and  hav- 
r  been  successively  applied  to  others  of  very  various  charac- 
s,  it  is  now  the  only  distinctive  name  for  the  class  we  have 
der  consideration.  All  the  trap  rocks  and  associated  amyg- 
loids  of  Portage  Lake  are  varieties  of  melaphyr. 
But  I  do  not  doubt  that  any  one  who  will  carefully  study 
5  melaphyrs  of  Portage  Lake,  and  compare  them  with  their 
livalents  in  Keweenaw  county,  will  feel  convinced  that  the 
laphyr  owes  its  distinctive  character  to  a  process  of  meta- 
•rpnism,  in  which  the  chlorite  resulted,  largely  or  wholly, 
m  the  alteration  of  hornblende  or  pyroxene,  tn  the  more 
tinctly  crystallized  traps  of  Keweenaw  county,  the  pseudo- 
Orphic  occurrence  of  chlorite  after  the  hornblen(ie  or  pyroxene 
istituent  of  the  trap,  may  be  traced  through  all  the  stages  to 
omplete  replacement  of  the  latter  by  chlorite. 
The  principal  varieties  of  melaphyr  on  Portage  Lake  are 
L.  Coarse-grained;  in  which  the  crystals  of  feldspar  and 
lins  of  delessite  are  more  or  less  distinct  The  color  is 
jenish-gray.  It  contains  generally  grains  of  magnetite  and 
all  tabular  crystals  of  specular  iron. 

i.  Fine-grained;  the  constituents,  light-green  or  reddish  tri- 
uic  feldspar  and  dark-green  delessite,  are  sometimes  distin- 
ishable,  but  more  generally  they  are  not  so.  The  usual  color 
grayish-green,  but  it  sometimes  is  speckled  with  brown 
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through  the  presence  of  small  flakes  of  rubellan ;  or  mixed  green 
and  brown,  from  the  oxide  of  iron  produced  in  the  decompoBi- 
tion  of  some  of  the  constituents.  As  a  role,  the  greater  the 
amount  of  rubellan  the  less  there  seems  to  be  of  magnetite. 
In  some  instances,  especially  in  some  of  the  beds  east  of  the 
Isle  Rovale  copper-bearing  bed,  the  rock  is  fine  grained  and  sub- 
cry  stralline,  brilliant  black-green,  sometimes  purplish  ;  slightlv 
shimmering ;  eiisily  scratched  with  the  knife  ;  contains  consid- 
erable magnetite,  small  pieces  of  rock  adhering  to  the  magnet 
It  weathera  rusty  gray. 

3.  Melaphyr-porpliyry ;  dark-green,  often  nearly  black;  com- 
pact with  perfect  conchoidal  fracture ;  very  hard ;  contains 
minute  crystals  of  triclinic  feldspar. 

Amygd€d()ids, 

The  amygdaloids  are  merely  varieties  of  the  melaphyr.  On 
Portage  liake  they  always  form  the  upper  or  hanging-wall  por- 
tion of  beds  of  trap,  into  which  they  pass  by  a  more  or  less 
gradual  transition. 

It  is  rare  that  one  finds  a  bed  of  trap  which  does  not  contain 
liere  and  there  scattered  segr^ations  of  secondary  minerals, 
especially  delessite,  but  often  calcite,  laumontite,  quartz  or  chal- 
cedony, prehnite,  occupying  cavities  which  are  oft«n  well  de- 
fined and  spherical  or  ovoidal,  but  sometimes  wholly  irregular 
in  shape,  and  without  definite  walls.  These  enclosures  usually 
become  more  frequent  in  ascending  from  the  foot-w^all  of  a  bed 
toward  the  hanging  wall.  The  plane  of  demarkation  between 
the  amygdaloidal  upper  portion  of  a  bed  and  the  overlying  rock 
is  always  well  defined.  Where  they  are  suflicientljr  numerous  to 
impress  a  distinctive  character  upon  the  rock,  while  at  the  same 
time  the  matrix  retains  the  essential  features,  in  regard  to  color 
and  texture  of  the  parent  trap,  I  have  designated  the  variety 

Amyydaioidal  ^felaphyr. 

All  the  varieties  of  melaphyr  on  Portage  Lake  are  subject 
to  this  modification,  but  there  is  a  considerable  variation  among 
ditlerent  beds  in  regard  to  the  nature  of  the  minerals  in  the 
amygdaloidal  cavities.  In  all  the  varieties,  amygdules  of  deless- 
ite, or  calcite  or  quaitz  coated  with  delessite,  or  again  spots  of 
epidote,  occur  here  and  there  in  the  body  of  the  rock.  In  some 
beds  the  rock  is  characterized  throughout  by  the  presence  of 
hiinnoiiitt*  in  small  un^ygdules  and  minute  seams. 

In  tlie  belt  (K'cupyiii^  1,000  feet  or  more  on  either  aide  of 
the  Isle  Rovale  co])T)er-bearinij:  bed,  manv  of  the  beds  assume 
towards  the  top  amygduU^s  of  delessite  and  of  a  green  flinty 
mineral,  resenil)ling  chrysoprase,  coated  with  delessita  These 
are  gradually  suc^ceeded  nearer  the  top  by  ovoidal,  lenticular 
or  irrcLHilar  amvfrdules,  from  the  size  of  a  bean  to  several  inches 
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i  diameter  of  prehnite,  greenisli-white,  or  tinged  with  pink 
enerallj  amorpnous,  but  often  with  a  radiating  structure,  and 
>metimes  slightly  impregnated  with  native  copper. 
The  portion  of  the  bed  nearest  the  hanging  wall  is  often 
i^hlj  amygdaloidal,  while  the  matrix  has  at  the  same  time  a 
iSerent  aegree  of  hardness,  texture  and  color,  and  often  a 
ifferent  mineralogical  constitution  from  the  parent  trap.  These 
arieties  form  the 

Amygdaloids  proper. 

The  amygdaloids  are  the  most  highly  altered  form  of  the 
lelaphyr,  and  present  themselves  under  a  variety  of  characters 
1  different  beds  and  in  different  parts  of  the  same  bed.  The 
Dlors  of  the  matrix  are  different  shades  of  brown  or  red,  and 
f  green,  or  of  these  mixed ;  its  texture  varies  from  fine  grained 
r  sometimes  subcrystalline  to  compact ;  and  its  hardness  ranges 
x)m  that  of  limestone  to  that  of  quartz. 

Two  quite  different  kinds  of  amygdaloid  occur  on  Portage 
•ake,  both  separately,  and  intimately  associated  in  the  same 
ed,  and  are  easily  distinguished  by  their  different  colors,  the 
ne  being  brown  and  the  other  green. 

The  brown,  which  exhibits  the  amygdaloidal  character  in  its 
ighest  development,  has  a  chocolate-brown  to  dirty  red  matrix, 
'hich  generally  is  easily  scratched  with  the  knife,  but  is  some- 
mes  indurated  and  hard ;  it  has  a  fine  grained  to  subcrystalline 
jxture,  and  now  and  then  contains  minute  reddish  crystals  of 
^Idspar,  and  fuses  easily  to  a  dark-green  and  somewhat  mag- 
etic  glass. 

The  amygdules  in  this  variety  are  more  generally  spherical, 
ut  often  somewhat  irregular  and  connected,  and  more  rarely 
>ng-cylindrical,  and  then  usually  perpendicular  to  the  plane  of 
edding.  The  contents  of  these  cavities,  for  they  are  very 
arely  empty,  are  laumontite,  leonhardite,  calcite,  quartz,  a  soft 
reen  mineral,  apparently  green-earth,  delessite  (more  rarely), 
ative  copper,  epiaote,  prehnite,  analcite,  orthoclase.  In  places 
ne,  in  others  another  of  these,  predominates ;  generally  several 
re  associated. 

The  green  variety  is  a  very  fine  grained  to  compact  light 
xayish-green  rock.  It  is  generally  very  hard,  striking  fire 
naer  the  steeL  Its  constituents  are  very  largely  free  silica, 
nd  a  g^reen  mineral  which  has  been  generally  taken  for  epidote, 
•ut  which  is  so  minutely  disseminated  as  to  render  it  difficult 
f  determination.  Small  pieces  of  the  rock  fuse  easily  on  the 
dges  to  a  dark  enamel  which  gelatinizes  with  acids.  These 
•eds  are  called  epidote  "  veins,"  and  they  are  probably  in  many 
istances,  at  least,  an  intimate  mixture  of  quartz  and  epidote, 
bough  in  otherwise  nearly  similar  beds,  the  green  mineral 
}  soft,  and  is  probably  either  a  green-earth  or  a   chlorite. 
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The  cavities  in  this  variety  are  often  less  regularly  defined  in 
shape  than  in  the  brown  amygdaloid.  The  enclosed  minerals 
are  quartz,  epidote,  calcite,  delessite,  prehnite,  laumonite,  green- 
earth,  analcite,  native  copper,  orthoclase.  These  two  varieties  of 
amygdaloids  often  occur  together  without  any  well  defined 
lines  of  separation,  the  bed  being  made  up  of  irregular  masses 
of  the  two  rocks.  In  places,  however,  the  brown  amygdaloid 
forms  a  band  one  to  two  feet  thick  on  the  hanging  wait  with  a 
rather  abrupt  transition  into  the  green  amygdaloid  underlying 
it ;  I  have  never  observed  the  reverse. 

Some  beds  have  an  exceedingly  mixed  character ;  the  amyg- 
daloidal  portions  are  associated  with  massive  s^regations  of 
calcite,  quartz  and  epidote,  and  are  traversed  by  seams  and 
irregular  veins  of  these  minerals ;  this  structure  is  especially 
noticeable  in  the  beds  worked  for  copper.  A  somewhat  similar 
structure  occurs  in  other  beds  on  a  smaller  scale,  giving  to 
them  a  brecciated  or  even  a  conglomerate-like  appearance,  wnich 
seems,  however,  to  be  due  to  purely  metamorpnic  action ;  the 
best  example  of  this  is  in  the  **  Ancient  pit  '*  bed  on  the 
Shelden  and  Columbian  property. 

ConglomeraJtes. 

The  conglomerates  of  Portage  Lake  diflfer  from  each  other 
but  little,  if  at  all,  in  lithological  characteristics.  The  pebbles 
vary  from  the  size  of  a  pea  to  one  foot  or  more  in  diameter, 
being  coarser  in  some  beds  than  in  others.  The  different  beds 
vary  in  thickness  from  mere  seams  to  several  hundred  feet,  and 
the  same  bed  often  varies  greatly  in  width. 

The  pebbles,  in  most  of  the  beds  on  Portage  Lake,  consists 
almost  exclusively  of  varieties  of  non-quartziferous  felsitic 
porphyry ;  two  kinds  predominate ;  one  of  these  has  a  chocolate- 
brown  to  liver-brown,  subcrystalline  to  compact,  almost  vitreous, 
matrix  containing  very  scattered  minute  crystals  of  triclinic 
feldspar  of  the  same  color  as  the  base.  Tfie  other  and  rarer 
variety,  also  non-quartziferous,  has  a  chocolate-brown,  compact 
to  minutely  crystalline  matrix,  in  which  lie  crystals,  ^-\  inch 
long,  of  a  flesh-colored  triclinic  feldspar. 

In  some  beds  there  appear  pebbles  of  a  flesh-red  rock,  com- 
posed almost  entirely  of  granular  feldspar,  containing  small 
specks  of  a  black  undetermined  mineral.  In  some  instances 
the  feldspar  is  wholly  triclinic,  in  othei's  the  twin-striation  is 
frequently  absent  This  variety  of  pebble  is  altogether  absent 
in  some  beds,  at  least  where  they  are  opened,  while  in  others 
they  ])redoininate,  as  in  the  Albany  and  Boston  Conglomerate. 
Pebbles  of  compact  melaphyr  and  of  mclaphyr  amygdaloid 
also  occur,  but  are  quite  subordinate  in  number  to  those  already 
enumerated. 
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be  normal  form  of  cement  is  a  fine  grained  sandstone,  com- 
d  apparently  of  the  same  material  as  the  pebbles.  Often 
5eraent  is  very  subordinate  in  volume,  the  pebbles  touchinff 
other.  Frequently,  however,  the  reverse  is  the  case,  and 
1  the  sandstone  forms  layers  from  less  than  an  inch  to  many 
in  thickness. 

be  original  character  of  the  cement  is  often  entirely  lost;  the 
stices  between  the  pebbles  are  sometimes,  though  rarely, 
ty ;  in  places  the  sand  is  associated  with  oxide  of  iron,  chlo- 
a  white  talc-like  mineral,  carbonate  of  lime,  or  it  is  entirely 
iced  by  calcite,  chlorite,  epidote  or  even  native  copper, 
is  a  remarkable  fact  that  while  all  the  conglomerate  beds 
Portage  Lake  are  free  from  pebbles  of  quartz-porphyry, 
3  in  the  neighborhood  of  Calumet  are  characterized  by 
>les  rich  in  grains  of  quartz.  This  abrupt  change  takes 
3  about  six  miles  N.E.  from  the  lake, 
ifferent  horizons  of  the  Portage  Lake  series  of  rocks  are 
ced  by  certain  distinguishing  lithological  characteristics, 
lb,  without  in  any  instance  beinff  peculiar  to  a  given 
son,  still  serve  to  mark  decidedly  those  parts  of  the  series 
re  they  are,  respectively,  most  frequent, 
lus,  to  begin  toward  the  eastern  part  of  the  field,  from  the 
hborhood  of  **  Mabbs^  vein  "  to  within,  say,  1,000  feet  E. 
16  Isle  Royale  "  vein,"  there  is  a  tendency,  among  the  dif- 
it  traps,  to  a  compact  or  fine  grained  texture  with  a  dark- 
n,  almost  black,  color,  sometimes  slightly  mottled,  especially 
fie  weathered  surface.  The  fracture  is  brilliant,  and  the 
contains  enough  magnetite  to  cause  small  bits  of  the  rock 
ihere  to  the  magnet 

rem  this  region  till  1,500  feet  or  more  west  of  the  Isle 
ale  copper-bearing  bed,  the  upper  portion  of  verv  many  of 
beds  have  the  amygdaloidal  cavities  filled  witn  a  light- 
nish  white  or  pale  pink  prehnite,  which  sometimes,  for  a 
h  of  2  to  6  feet,  form  from  10  to  40  per  cent  of  the  rock, 
lend  it  a  very  characteristic  spotted  appearance, 
iiring  the  next  2,000  feet  or  more,  the  traps  have  frequent 
IS  8  to  20  inches  thick,  consisting  of  distinctly  individual- 
triclinic  feldspar,  delessite,  prehnite  and  specular  iron;  these 
r  both  parallel  to  the  plane  of  bedding  and  oblique  to  it  The 
s  through  a  portion  of  this  distance  are  frequently  impreg- 
i  with  epidote,  as  is  also  the  cement  of  the  conglomerate  beds. 
a  the  "  Dacotah  "  property  we  come  to  a  belt  of  the  forma- 
in  which  many  beds  have  a  tendency  to  a  coarse-grained, 
^line  texture,  and  in  some  the  character  is  highly  de- 
ped,  giving  the  rock,  at  a  distance,  almost  the  appearance 
chloritic  granite.  Still  farther  west,  on  the  **  Southside  " 
erty,  the  brown  amygdaloids  often  present  a  scoriaceous 
arance  which  is  quite  characteristic. 
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Some,  at  least,  of  these  features,  are  traceable  for  miles  in 
the  longLtudinal  extension  of  the  zones  in  which  they  occur. 
Thus  the  prehnitic  amygdaloid  of  the  Isle  Boyale  series,  is 
found  in  the  N.E.  extension  of  this  zone,  near  where  the  road 
to  Eagle  river  crosses  the  line  between  Townships  55  and  66 
N.,  or  about  7  miles  from  Portage  Lake. 

The  coarse-grained  melaphjT  of  the  "Dacotah,"  is  found 
extensively  developed  in  the  extension  of  the  same  zone  on 
the  South-Pewabic,  Quincy  and  St.  Mary's  properties.  The 
brown  amygdaloids  of  the  "Southside"  reappear  with  their 
peculiar  scoriacious  structure  in  the  South-Pewabic  and  Han-  . 
cock  beds,  and  in  the  trenches  on  the  St  Mary's,  and  have  been  I 
considered  the  equivalenta  of  the  "  Ash-bed  rocks  of  Kewee- 
naw count}',  which  they  resemble. 

[To  be  eontinaed.] 


Art.  XXVIIL — Observations  on  the  Color  of  Fluorescent  &/«■ 
tions ;  by  Henry  Morton,  PLD.,  President  of  the  Stevens 
Institute  of  Technology. 

As  the  result  of  a  series  of  experiments  to  be  presently 
described,  I  have  come  to  the  curious  conclusion  that  all  the 
familiar  fluorescent  solutions,  such  as  the  tincture  of  tarmeiic, 
of  agaric,  of  chlorophyl,  and  the  solution  of  nitrate  of  uranium, 
emit  light  of  the  same  color  by  fluorescence,  namely,  blue  iden- 
tical with  that  developed  by  acid  salts  of  quinine.  This  blue, 
however,  as  is  well  known  in  the  case  of  quinine,  is  not  of  a 
single  tint  or  refrangibility,  but  yields  a  continuous  spectrum, 
in  which  the  more  refrangible  rays  predominate. 

My  attention  was  first  drawn  to  the  subject  by  observing  that 
a  specimen  of  mixed  asphalt,  which  is  here  largely  used  in  the 
preparation  of  pavements,  yielded  a  light-yellow  solution  with 
alcoliol,  which  fluoresced  blue,  and  an  orange  solution  with 
turpentine,  which  fluoresced  green.  It  at  once  occurred  to  me 
tliat  the  green  color  was  simply  due  to  the  absorptive  action  of 
tlie  colored  solution,  and  not  to  the  development  of  green  raya 
Examined  with  the  spectroscope,  the  seemingly  green  fluores- 
cence showed  no  increase  in  the  green  or  yellow  part  of  the 
spci-truin,  as  eom})ared  with  tlie  blue  fluorescence,  but  odIv  an 
absor])tion  of  the  red  nnd  violet  ends.  When,  however,  a  piece 
of  iluorescing  caiuirv  <:lass  or  solid  nitrate  of  uranium  was  ex- 
amined, the  green  light  was  (as  is  w^ell  known)  largely  augmen- 
ted. 1  also  found  that  when,  bv  filtration  throu^rh  animal  cliar- 
coal,  the  solution  in  tuq^entine  was  reduced  in  color,  the  green 
tint  of  the  fluorescence  disa])peared  in  a  corresponding  degree. 
This  alone  would,  ho\vever,  have  proved  nothing,  as  a  green 


[  Morton  on  the  Color  of  Fluorescent  Solutions.         199 

flaorescing  matter  might  have  been  absorbed  by  the  charcoal, 
but  in  connection  with  the  spectroscopic  result  it  was  of  interest. 

I  next  took  up  for  examination  the  tincture  of  turmeric. 
This  is  set  down  m  standard  works,  such  as  those  of  Du  Mon- 
oel  and  Becquerel,  as  fluorescing  red.  This  solution,  when  con- 
centrated, has  a  rich  orange-red  color,  and  the  jacket  of  a  Geiss- 
ler  tube  being  filled  with  it,  all  the  light  reaching  the  eye,  from 
the  electric  dischai^e  within,  is  of  a  deep  orange  or  red  color. 
!£,  however,  the  solution  is  simply  diluted  until  its  color  is  re- 
duced to  a  rich  yellow,  the  fluorescence  appears  green.  The 
same  result  follows  from  filtration  through  bone  bhck,  with  a 
marked  increase  in  the  amount  of  fluorescence  visible,  as  the 
light-absorbing  coloring  matter  is  removed.  By  continuing  the 
decoloration  until  the  liquid  is  colorless  or  of  a  very  light  tint, 
its  fluorescence  is  distinctly  blue. 

The  results  with  the  spectroscope  when  it  was  applied  to  this 
substance,  were  the  same  as  with  the  solution  of  asphalt 
Such  also  is  the  case  with  tinctures  of  chlorophyl,  which,  when 
fresh  and  green,  gives  apparently  a  green  light,  and,  when  old 
and  brown,  a  gray  color. 

Finally,  I  took  up  the  nitrate  of  uranium,  about  which  such 
contradictory  statements  have  been  published.  This  salt  in  its 
solid  state  gives  a  brilliant  green  fluorescence,  whose  spectrum 
is  figured  by  Becquerel,  and  abounds  in  green  rays ;  but  in  solu- 
tion it  g:ives  a  very  feeble  fluorescence,  far  inferior  to  that  of 
turmeric,  and  of  no  more  green  tint  than  would  be  due  to  its 
yellow  color.     So  in  fact  says  also  the  spectroscope. 

From  these  results  it  would  seem  that  the  molecules  of  fluo- 
rescent bodies  in  solution  are  not  capable  of  restricting  their 
vibrations  to  limited  ranges,  but  move  at  rates  corresponding 
with  all  refrangibUities,  having  simply  an  excess  of  the  higher 
ones,  though  the  same  substances  in  the  solid  state  mav  act 
q^uite  differently,  as  in  the  case  of  nitrate  of  uranium,  ana  pos- 
sibly the  fluorescent  material  in  the  asphalt,  which  may  be  rela- 
ted to  the  solid  hydro-carbon  fluorescing  green,  which  Becque- 
rel mentions  {La  Luminere,  tome  i,  p.  882). 

In  this  general  connection  let  me  mention  that  I  have 
observed  that  while  the  acid  salts  of  quinine  generally  are  fluo- 
rescent, the  chloride  is  not,  and  that  hydrochloric  acid  will  de- 
compose the  acid  sulphate  so  as  to  destroy  its  fluorescence. 

Tnere  are  several  other  points  in  connection  with  this  and 
the  foregoing  subject,  whicn  I  must  leave  for  a  subsequent  dis- 
cussion. 

July.  1871. 

P.  S. — Aug.  1st  I  have  just  obtained  results  with  turmeric, 
which  seem  to  indicate  that  its  fluorescence  is  due  to  the  pres- 
ence of  a  substance  not  yet  observed,  soluble  in  water,  and 
without  any  color. 
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Art.  XXIX. — Minerahgtcal  and  Chemical  Composition  of  At 
Meteoric  Stone  that  fell  near  Searsniont,  Maine,  May  21,  1871 ; 
by  J.  Lawrence  Smith. 

Immediately  after  the  &11  of  this  meteoric  stone  a  portion 
of  it  was  placed  in  mj  hands  for  examination.  The  circum- 
stances accompanying  its  fall,  as  well  as  its  physical  characteis, 
have  been  described  m  the  last  number  of  tnis  Journal  by  Pro! 
Shepard  (p.  183). 

It  resembles  very  closely  the  Mauerkirchen  stone  that  fell  in 
1768,  the  crust  of  the  specimens  corresponding  quite  closely  to 
that  in  thickness  and  appearance;  the  Mauerkirchen  stone, 
however,  has  not  well-marked  globules  like  that  of  Searsmont; 
in  this  respect  it  corresponds  more  nearly  with  the  Aussun,  as 
already  stated  by  Prof.  Shepard. 

The  specific  gravity  of  the  specimen  examined  was  S'TOL 

The  nickeliferous  iron  and  stony  matter  were  separated  me- 
chanically for  analysis.    One  hundred  parts  of  the  meteorite  gave 

Stony  matter  ^iDcluding  a  little  sulphuret  of  iron)  85 '38 
Nickeliferous  iron 14*82 

The  iron  aflforded : 

Iron 90*02 

Nickel 9-06 

•  Cobalt -43 

Phosphorus  and  copper  were  not  estimated.  The  stony  part, 
treated  with  a  mixture  of  hydrochloric  and  nitric  acids,  gave: 

Soluble  in  the  acid 52*3 

Insoluble"  "   47*7 

The  soluble  portion  afibrded : 

SiUca 40*61 

Protoxide  of  iron 19*21 

Magnesia 36-34 

Sulphuret  of  iron 3'06 

Leaving  out  the  sulphuret,  which  is  obviously  only  a  me- 
chanical mixture,  this  soluble  part  is  evidently  an  olivine,— 
which  is  almost  invariably  the  case  with  soluble  portions  of 
meteoric  stones. 

The  insoluble  part  was  composed  as  follows : 

Silica 56-25 

Protoxide  of  iron _ 1 3*02 

Alumina 2-01 

Magnesia 24*14 

Alkalies,  NaO,  KG  with  trace  of  LiO 2  10 

Chrome  iron,  small  black  specks not  estimated 
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le  above  analyses  give  for  the  composition  of  the  stone : 

Nickeliferous  iron 14'63 

Magnetic  pyrites 3*06 

Olivine 43-04 

Bronzite,  a  hornblende,  with  a  little  albite  or 
orthoclase,  and  chrome  iron. .-. 39*27 

1  the  bronzite  there  may  also  be  enstatite,  which  would  be 
)unded  with  the  former,  if  existing  in  the  stone. 


XXX. — Discovery  of  a  new  Planet;  by  Prof.  C.  H.  F. 
rPERS.  From  a  letter  to  one  of  the  editors,  dated  Litchfield 
)8ervatory  of  Hamilton  College,  Clinton,  Oneida  Co.,  N.  Y., 
ly  27,  1871. 

small  planet,  the  114th  of  the  group  of  asteroids,  was  dis- 
:^d  here  in  the  ni^ht  from  the  23d  to  the  24th  inst,  and  the 
jv-ing  accurate  positions  hitherto  have  been  obtained  of  it : 

App.  <J(114) 


4. 
6. 


Ham.Coll.  m.t 

App.  a  (114) 

b  m   • 

h  m   • 

15  14  45 

21  43  27  85 

12  18   4 

21  42  8-36 

•       /        // 
-10  12  16-8 


(by  6  oomp'soDS  with  Schj.  8926) 
-10  20  260l(byl2        "        "W.21h.954) 

mce  follow  the  daily  motions  resp.  — 42»*3  and  —4'  21". 
magnitude  of  the  planet  was  estimated  this  morning  in  a 
fine  sk^  to  be  12  "8.  As  it  is  still  about  a  month  yet  until 
sition,  it  will  become  considerably  brighter.  The  planet 
ma  (19)  runs  nearlv  parallel  to  it,  distant  only  one  oegree, 
;,  however,  of  the  9th  magnitude. 


XXXL — On  a  new  Planet;  by  James  C.  Watson.  From 
etter  to  one  of  the  editors,  dated  Observatory,  Ann  Arbor, 
igust  7,  1871. 

loticed  last  ni^ht  a  star  of  the  tenth  magnitude  near  Weisse 
,  462,  and  a  single  comparison  gave  the  following  place : 

Ann  Arbor  M.  T.  a  d 

ri,      Aug  6.      10»»  40"  21*^  21"»  9«-90  -12**  30'-l 

subsequent  comparison  showed  that  it  had  moved,  and  the 
mng  observations  were  made  : 

Ann  Arbor  M.  T.       (116)  a  (115)  d  Comp. 

Aug.  6.  \1^  24°*  4«-6  21»»  21°*  4"-64  —12*  30'  6"'3  4 
6.  14  3  36*1  21  20  6977  12  29  67*6  7 
6.  14  59   1-1  21  20  57*19   —12  29  53*5   5 

Daily  motion,  Aa=r-.69**5    a^=+1'  59". 

le  planet  shines  like  a  star  of  the  tenth  magnitude. 


i 


202  Scientific  InteUigence. 

SCIENTIFIC    INTELLIGENCE. 

L  Chemistry  and  Physics, 

1.  On  the  existence  and  furmation  of  SaUs  of  NUrous  Oxidt 
— The  reduction  of  an  alkaline  nitrate  to  nitrite  by  metni 
of  sodium  was  observed  by  Scbdnbein,  but  the  further  action  of 
the  metal  upon  the  nitrite  itself  has  not  hitherto  been  studied. 
DiYKKs  finds  that  an  amalgam  of  sodium  reduces  the  nitrite  to  a 
salt  of  nitrous  oxide,  the  successive  stages  of  the  reaction  being 
represented  by  the  equations — 

Na  NO.+NaaZzNa  NOj+NaaO, 
Na  Ne2+Na,=Na  NO  +Naae, 

So  that  four  atoms  of  sodium  are  required  for  the  reduction  of  one 
molecule  of  the  nitrate.  The  reduction  of  the  nitrite  is  accom- 
panied by  the  evolution  of  pure  nitrous  oxide,  and  the  author 
explains  this  by  the  mutual  reaction  of  two  molecules  of  the  new 
sau  according  to  the  equation — 

Na  NO+Na  NOrrNae+NaaO. 

After  neutralization  by  acetic  acid,  the  alkaline  liquid  eives  a 
yellow  pulverulent  precipitate  with  argentic  nitrate.  This  pie 
cipitate  has  the  formula,  AgNO :  it  is  almost  as  insoluble  u 
argentic  chloride,  and  may  be  washed  with  hot  water  without 
change.  Li^ht  does  not  decompose  this  salt;  ammonia  and 
ammonic  caroonate  dissolve  it ;  and  acetic  acid  precipitates  it 
from  the  solution  unchanged.  Dilute  nitric  and  sulphuric  acids 
dissolve  the  salt  without  immediate  decomposition ;  alkalies  pre- 
cipitate the  salt  unchanged.  It  is  instantly  oxidized  by  concen- 
trated nitric  acid,  with  production  of  copious  red  fumes.  Soln- 
ble  chlorides  and  sulphuric  acid  also  decompose  it.  When  healed 
to  redness,  pure  silver  finally  remains,  nitric  oxide,  metallic  silver 
and  a  little  argentic  nitrate  being  at  first  fonned.  When  the 
alkaline  liquid  containing  the  sodic  salt  is  neutralized  with  dilate 
nitric  acid,  it  gives  precipitates  with  various  other  metallic  salts. 
The  author  promises  a  farther  investigation  of  this  very  interest- 
ing subject,  and  meantime  purposes  to  call  the  new  acid,  NOH, 
either  hypo-ni^ous  or  hydro-uitroxylic  9^idL — Proc.  JRoyal Sockty^ 
xix,  p.  426,  w.  G. 

2.  On  a  reinarkahle  group  of  Mercurial  Colloids. — By  the 
action  of  mercuric  chloride  upon  an  alkaline  solution  of  acetone, 
and  submission  of  the  mixture  to  dialysis,  Reynolds  has  obtained 
a  comj)ound  of  mercunc  oxide  with  acetone,  having  the  formula 
Ji/O  (Clla)^  |2^^3^3-  This  substance  forms  the  type  of  a  new 
and  curious  group  of  organic  bodies  distinguished  by  their  essen- 
tial colloid  or  gelatinous  cliaracter.  A  solution  of  the  acetone 
compound,  containing  five  \k'y  cent,  remains  fluid,  if  pure,  for 
twelve  or  fourteen  days,  and  then  sets  to  a  firm  jelly.  The  same 
result  is  produced  in  a  few  seconds  by  the  addition  of  very  minute 
traces  of  various  acids,  alkalies  and'  salts.     Even  some  insoluble 
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wders,  like  calcic  carbonate  and  alumina  induce  pectization. 
evation  of  temperature  quickly  produces  the  same  effect :  thus, 
th  a  five  per  cent  solution,  a  firm  jelly  is  produced  by  heating 

50**  C.     The  solution,  when  evaporated  to  dryness,   yields  a 
%inoid  mass  of  the    anhydrous    compound.     By  the  action  of 
;ohol  upon  the  one  per  cent  solution,  the  author  obtained  what 
"aham  termed  the  alcosol  of  the  new  body.     This  gelatinized  by 
ig  boiling  to  form  the  alcogel.     Acetone-mercuric  oxide  appears 

be  an  extremely  feeble  but  well  marked  tetrabasic  acid.  The 
Y  salts  are  resinoid  bodies  very  difficult  to  obtain  in  a  state  of 
rfect  purity.  Several  other  ketones  of  the  fatty  acid  series  are 
pable  of  forming  compounds  analogous  to  that  described  above, 
le  higher  compounds  are,  however.  Insoluble  in  water,  so  that  it 
difficult  to  obtain  their  colloidal  hydrates  or  hydrosols.  The 
hydrous  butyrone  compound  has  the  formula  j€JO  (€113)2  [ 
^3  O3.  Elthylic  aldehyde  forms  with  mercuric  oxide  a  white 
►n-crystalUne  compoun<i,  but  does  not  give  a  colloid  liquid. — 
roc,  Hoyal  Society^  xix,  p.  431.  w.  g. 

3.  On  a  nevo  Synthesis  of  Acids. — Von  Richter  has  given  a 
•w  method  of  forming  organic  acids  likely  to  be  fertile  in  inter- 
ting  results.  This  method  consists  in  acting  upon  NO^  com- 
mands with  potassic  cyanide  so  as  to  produce  the  corresponding 
anides,  which  are  then  to  be  boiled  with  aH  alcoholic  solution  of 
ustic  potash  as  long  as  ammonia  is  evolved.  The  liquid  then 
ntains  an  organic  salt  of  potassium,  from  which  the  acid  may 
aily  be  obtained.     Thus,  in  the  case  of  bromo-nitrobenzol  we 

C^H^Br  Ne2+K€N=€eH4€y  Br+KNO^, 

is  being  the  only  part  of  the  process  which  is  really  new. 
''hen  treated  in  this  manner,  ortho-bromonitrobenzol  (fusing  point 
5^  C),  yields  ortho-bromobenzoic  acid,  oOyH^BjOg.  Meta- 
omonitrobenzol  (fusing  point  56°  C),  in  like  manner  yields  meta- 
omobenzoic  acid,  mC^H^BgOj,  while  para-bromonitrobenzol 
ifling  point  37°  C)  does  not  react  with  potassic  cyanide.  The 
•rresponding  chloronitrobenzols  were  also  studied.  Orthochloro- 
trobenzol  (fusing  point  84°  C.)  yields  orthochlorobenzoic  acid, 
^jH^BrOg.  On  the  other  hand,  a  chloronitrobenzol  (fusing  at 
\*^  C.)  gave  chlorosalylic  acid,  whiclv,  when  fused  with  potash, 
elded  salicylic  acid. — BericJUe  der  JDeutschen  Chem.  GeselL,  iv, 
457.  w.  G. 

4.  On  Gallein. — When  pyrogallic  acid  is  fused  with  phthalic 
id,  hydrous,  or  better  anhydrous,  the  fused  mass  dissolved  in 
Iter  yields  a  new  coloring  matter  in  small  granular  crystals, 
bicb  Baeyer  terms  gallein.  The  new  substance  is  brown-red  by 
fleeted  and  blue  by  transmitted  light,  and  when  obtained  by 
aporating  its  solution  to  dryness,  exhibits  a  peculiar  yellow 
etallic  lustre.  Water  dissolves  it  with  difficulty,  giving  a  red, 
:-ohol  easily,  giving  a  dark  red,  solution.  Caustic  potash  dis- 
Ivefl  it  with  a  magnificent  blue  color,  which  after  some  time 
kM.  JotJR.  Sci.— Thibd  81SBIE8,  Vol.  II,  No.  9.— Sept.,  1871. 
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becomes  dirty ;  ammonia  gives  a  violet  solution.  The  author 
remarks  that  gallein  closely  resembles  haematein,  which  by 
fusion  with  caustic  potash  yields  pyrogallic  acid.  In  like  maimer, 
as  haematein,  with  reducing  agents,  yields  haematoxylin,  which 
may  aeain  be  oxidized  to  haematin,  so  gallein  may  be  redaced 
to  galTin,  a  beautifully  crystallized  substance,  which,  when  moist- 
ened with  ammonia,  again  yields  gallein.  Stuffs  mordanted  with 
alumina  or  ferric  oxide  are  dyed  red  by  gallein,  the  color  being 
intermediate  between  that  of  logwood  and  brazilwood.  The  con- 
stitution of  gallein  appears  to  be  represented  by  the  formnU 
^^ijIIj^O^:  it  appears  clearly  to  belong  to  the  fiBmily  of  the 
coloring  matters  of  logwood  and  brazilwood,  and  is  therefore  the 
first  artificial  dyestuff  of  this  group.  Gallin  has  probably  the 
formula  €, gHj^Oj:  it  crystallizes  in  beautiful  lustrous  rhombo- 
hedrons  and  prisms.  It  dyes  mordanted  stuffs  like  gallein.  When 
gallein  is  heated  with  20  parts  of  concentrated  sulphuric  acid  to 
200°  C,  a  new  substance  is  formed,  which,  when  purified,  pre- 
sents a  bluish-black  mass,  and  which  Baeyer  terms  coemlein. 
This  body  dissolves  in  hot  anilin  with  a  magnificent  indigo-blne 
color.  Tiie  solution,  after  adding  a  little  acetic  acid,  dyes  wSol 
indigo-blue.  The  formula  of  cwrulein  is  €JjgH,^,Og.  By  redac- 
tion, it  passes  into  ccerulin,  which  dissolves  m  ether  with  a 
yellow  color,  the  solution  exhibiting  a  beautiful  ffreen  fluores- 
cence. CoBrulin  appears  also  to  be  formed  directly  by  the  action 
of  sulpliuric  acid  upon  gallin.  Coerulein  dissolves  m  alkalies  with 
a  green  color,  and  gives  a  green  lake  with  the  earths.  Stufl& 
mordanted  with  alumina  are  dvcd  green  :  those  with  ferric  oxide 

*  St 

brown  ;  the  colors  appear  to  be  as  fast  as  those  of  madder.  The 
author  points  out  its  resemblance  to  the  Lo  Kao  of  the  Chinese. 
Phthalic  acid  heated  with  resorcin  yields  two  coloring  matters, 
fluorescehi  and  fluorescin.  The  former  dyes  silk  and  wool  of  a 
beautiful  yellow  without  mordants,  and  exhibits  in  solution  a 
magnificent  green  fluorescence.  The  author  promises  a  further 
investigation  of  this  interesting  and  posrfbly  important  subject— 
Berichte  der  Deutschen  Chem,  GeseU.,  iv,  p.  457  and  p.  555. 

w.  G. 

5.  Decomposition  of  Chromite ;  by  R.  Hitchcock. — Chroraite 
is  one  of  the  most  difficult  minerals  to  decompose,  and,  although 
there  have  been  many  proc^^sses  given  to  effect  its  analysis,  ther 
have  generally  accomplished  the  purpose  rather  unsatisfactorily. 

The  process  given  by  F.  W.  ClarKe,  and  published  some  time 
ago  in  this  Jouraal,  wherein  potassic  di-sulphate  and  cryolite  are 
used,  undoubtedly  effects  the  decomposition  of  the  ore ;  but  the 
amount  of  sulphate  and  cryolite  required  is  so  great,  and  the 
chromium  dissolves  in  such  a  form,  that  I  have  never  been  able  to 
obtain  tolerable  results  by  this  method. 

A  number  of  experiments  have  convinced  me  that  the  process 
given  below  is  equal,  if  not  supcM-ior,  to  any  I  have  yet  trie4l,  both 
in  accuracy  as  well  as  rapidity  of  manipulation.  The  process  i? 
this :  place  about  0-3  grm.  of  the  mineral  in  a  capacious  platinum 
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mcible,  add  a  piece  of  ammonic-fluoride  about  the  size  of  a  pea ; 
aoisten  the  whole  with  a  few  drops  of  concentrated  sulphuric 
xnd,  heat  gently  until  the  free  acid  is  expelled.  Add  now  a  small 
dece  of  potassic  disulphate^  and  bring  the  mass  to  a  tranquil 
Qsion,  maintaining  it  so  for  a  few  moments.  Allow  to  cool,  and 
kdd  a  mixture  of  four  parts  of  potassic  and  sodic  carbonates  with 
me  of  nitre ;  fuse  gradually,  and  when  the  mass  becomes  tranquil 
aaintain  it  ^sed  for  about  fifteen  minutes.  If  cooled  by  placing 
lie  crucible  on  a  plate  of  cold  iron,  the  mass  is  readily  detached. 
Lt  is  then  dissolved  in  boiling  water,  and  the  solution  filtered  from 
ihe  residue  of  iron,  which  still  retains  some  chromium,  and  must 
ye  again  fiised  with  the  mixture  of  carbonates  and  nitre  above 
riven.  Sometimes  this  second  fusion  requires  to  be  repeated,  but 
:or  practical  purposes  this  is  unnecessary  if  the  previous  operations 
lave  been  well  conducted.  The  bulk  of  all  tnree  filtrates  need 
lot  be  over  200  c.c.  The  chromium  may  be  estimated  by  cautiously 
icidifjing  the  solution,  reducing  the  chromium  to  the  state  of 
sefiqmoxide  by  means  of  sulphurous  acid  solution,  and  precipitating 
t>y  ammonic  hydrate.  If  the  Bunsen  method  of  filtration  is  used, 
the  large  amount  of  alkali  present  does  not  materially  affect  the 
nesalts.  If  manganese  is  present  in  the  ore,  it  may  be  determined 
^m  the  alkaline  solution.  One  advantage  of  this  method  is,  that 
:here  is  no  troublesome  evaporation  required  to  separate  silicon. 
Results  of  parallel  analyses : 

1.  Chromite  =  -2888  per  cent  CrjO,  50-460 

2.  "  '2868  percent  CraOg  60627 

•177 

I  am  confident  that  with  more  experience  still  better  results  may 
be  obtained. 

II.  Geology  and  Natural  History. 

1.  Address  to  the  American  Association  for  the  Advancement 
jf  Science,  by  Thomas  Stkrry  Hunt,  LL.D.,  on  retiring  from  the 
office  of  President  of  the  Association,  Indianapolis,  Aug.  16,  1871. 
52  pp.  8vo. — Dr.  Hunt  takes  for  the  themes  of  his  address,  first  the 
geology  of  the  Appalachians,  especially  the  history  of  researches 
Eind  views  with  regard  to  the  New  England  section  of  this  chain ; 
and  secondly,  the  origin  and  nature  of  the  changes  which  crystal- 
line rocks  have  undergone ;  setting  forth  under  each  the  labors  of 
Dthers  in  connection  with  his  own,  and  also  the  conclusions  to 
which  he  has  been  led.  He  first  divides  the  crystalline  rocks  of 
the  chain  into  three  series,  draws  out  the  distinctive  litholoffical 
[characteristics  of  each,  and  maintains  that  they  belong  to  differ- 
5nt  geological  eras.     They  are — 

L  The  Adirondack  or  Laurentide  Series^  which  is  marked  by 
^firm  granitic  gneisses,  often  very  coarse-Ki*&ine^9  ^nd  generally 
reddish  or  grayish  in  color,"  often  homblendic,  and  little  mica- 
seous,  and  inclading  great  beds  of  magnetic  iron  ore,  and  much 
graphite ;  but  without  argillites,  or  slates  containing  staurolite, 
incliilusite  or  cyanite. 
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II.  The  Green  Moinitain  Series^  characterized,  he  obBerv€8,l)y  a 
fine-grained  petrosilex  or  eurite,  which  often  passes  into  a  true 
gneiss  that  is  ordinarily  more  micaceous  than  the  typical  Lauren- 
tian  gneiss,  and  not  very  coarse-grained,  the  color  grayish  or  pale 
greenish  instead  of  reddish ;  also  by  diorites,  epidotic  and  chlori- 
tic  rocks  more  or  less  schistose,  steatite,  dark  colored  seTpentine, 
with  some  slaty  hematite  or  magnetite ;  also  micaceous  quartzites 
and  argillites,  often  unctuous  in  feel,  though  not  magnesian. 
Chrome,  titanium,  nickel,  copper,  antimony  and  gold  are  fre- 
quently met  with  in  this  series. 

III.  The  White  Mountain  Series,  characterized  by  well-defined 
mica  schists  and  interstratified  micaceous  gneisses,  the  latter  often 
light-colored,  fine  or  coarse-grained  and  sometimes  porphyritic; 
the  mica  schists  richer  in  mica  than  those  of  the  Green  Mountain 
series ;  also  micaceous  quartzite  ;  homblendic  gneisses  and  schiflts; 
also  crystalline  limestones  accompanied  by  pyroxene,  garnet,  ido- 
erase,  si)hene  and  graphite,  like  the  limestones  of  the  Laurentian, 
but  often  intimately  associated  with  highly  micaceous  schists 
containing  staurolite,  andalusite,  cyanite  and  garnet,  and  some- 
times highly  plumbaginous.  The  rocks  are  intersected  by  moite 
veins  containing  tourmaline,  beryl,  lepidolite,  and  occasionally 
tinstone  and  columbite,  only  the  first  of  these  minerals  occurring, 
as  far  as  known,  in  the  Laurentian  gneisses. 

After  thus  dividing  lithologically  the  rocks  into  these  three 
series,  Dr.  Hunt  endeavors  to  trace  them  southwestward  along  the 
Appalachians,  through  the  descriptions  of  other  geologists;  and 
later  in  his  address,  he  uses  the  same  lithological  evidence  to  di\ide 
oflT  the  crystalline  rocks  of  other  continents.  The  evidence  as  to  the 
different  ages  of  the  Green  Mountain  and  White  Mountain  series 
is  not  touched  upon ;  neither  is  the  value  of  lithological  charac- 
ters among  crystalline  rocks  in  the  determination  of  geological 
equivalency  discussed,  beyond  making  an  afiirmation  on  the  point, 
and  citing  the  opinions  of  one  or  two  Jiuthors. 

The  history  of  the  discoveries  and  \'iews  of  geologists  pertain- 
hig  to  the  so-called  Taconic  rocks,  and  the  formations  associated 
with  them  in  the  Green  Mountain  series,  is  next  ably  presented, 
the  Primordial  character  of  part  of  them  recognized,  as  dete^ 
mined  by  Billings  and  Barande,  and  the  later  Lower  Silurian  cha^ 
acter  of  some  other  portions.  But  with  regard  to  the  crystalline 
rocks,  constituting  his  "Green  Mountain  Series,"  he  says:— 
"  Although  I  have,  in  common  with  most  other  American  geolo- 
gists, nijiintained  that  the  crystalline  rocks  of  the  Green  Moun- 
tain and  White  Mountain  series  are  altered  paleozoic  sediments,  I 
find,  on  a  careful  examination  oi*  the  evidence,  no  satisfactory 
proof  of  such  an  age  and  origin,  Init  an  array  of  facts  which 
appear  to  nie  incompatible  with  the  hitherto  received  view,  and 
lead  me  to  conclude  tliat  the  whole  of  our  crystalline  schists  of 
eastern  North  Ainenca  are  not  only  ])re-Silnrian  but  pre-Cambrian 
in  aije" — a  conclusion  wliich  nil  will  sav  should  be  thoroughlv 
tested  by  reference  to  stratigraphical  facts  before  it  is  generally 
accepted. 
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The  "  Origin  of  Crystalline  Rocks,"  the  subject  of  the  second 
rt  of  the  address,  is  next  discussed.  Facts  are  brought  to 
ar  upon  it  from  various  sources,  many  of  them  the  result  of  Dr. 
lint's  own  careful  chemical  investigations.  He  brings  out,  and, 
course,  advocates  his  own  peculiar  views  on  pseudomorphism 
,d  metamorphism, — views  which  have  been  presented  by  him  in 
Ls  Journal,  and  need,  not  be  here  repeated.  He  closes  with  a 
view  of  recent  observations,  and  mainly  his  own,  connected  with 
e  origin  of  the  minerals  constituting  and  associated  with  the 
ecimens  of  Eozoon ;  and  finally  treats  briefly  of  the  origin  of 
aestones  and  dolomites,  making  some  great  formations  of  them 
chemical  origin. 

The  conclusions  throughout  Dr.  Hunt's  address  are  open  to 
mbts  and  objections ;  but  their  discussion  would  require  as  many 
ige&  as  he  has  found  necessaiy  for  presenting  thenu 
2.  The  distribiUion  of  Maritime  Plants  in  North  America  a 
oof  of  Oceanic  Submergence  in  the  Champlai7i  Period  [that 
llowing  the  Glacial] ;  by  C.  H.  Hitchcock,  of  Hanover,  Is .  H. 
•In  this  paper,  Prof.  Hitchcock  has  collected  together  the  facts 
Lth  regard  to  the  distribution  over  North  America  of  plants  that 
operly  belong  to  sea-shores,  and  draws  from  them  the  conclu- 
3n  expressed  m  the  title  of  his  paper  above  given.  The  argu- 
ent  is  an  important  one.  But  still  it  may  be  queried,  consider- 
g  the  much  greater  number  of  shells  and  of  other  kinds  of 
arinc  animal  Ufe  that  must  have  existed  in  those  Champlain 
as,  whether  their  absence  from  the  same  regions  all  over  the  Uni- 
d  States,  beyond  a  height  of  300  to  600  feet  above  tide-level  in 
e  more  northeastern  portions,  is  not  better  proof  that  the  sea 
d  not  cover  the  continent  in  the  Champlain  era.  It  is  hard  to 
ilieve  that  there  could  have  been  thousands  of  miles  of  sea- 
baches  across  the  continent,  or  hundreds  of  thousands  of  square 
lies  of  sea-bottom,  in  an  era  of  abundant  marine  life,  and  yet 
1 — with  the  exceptions  along  the  borders  of  the  Atlantic,  along 
e  River  (then  Gulf  of)  St.  Lawrence,  and  on  Lake  Champlain 
ben  an  arm  of  that  Gulf) — without  any  traces  of  marine  animal 
:e. 

If  the  depth  over  the  continent  were  5,000  feet  or  more,  as  some 
ive  supposed,  there  would  have  been  sea-bottom  everywhere,  if  no 
a-beaches ;  and  if  but  500  to  1,000  feet,  as  others  have  inferred, 
a-beaches  would  have  been  almost  interminable  as  well  as  sea- 
>ttoms.  The  latter  depth  (or  but  600  feet  in  the  St.  Lawrence 
gion)  has  been  thought  sufficient  to  turn  a  part  of  the  Labrador 
irrent  in  full  flow  over  the  continent,  thence  to  discharge  itself 
f  the  Mississippi  valley  into  the  Mexican  Gulf,  and  hence  sufficient 
BO  to  transport  southw^ard  icebergs  that  might  be  in  the  way. 
But  oceanic  currents,  although  strongest  toward  the  sides  of  an 
jean^  where  the  depth  is  diminishing  landward,  are  extremely 
eble  over  ordinary  off-shore  soundings ;  and  many  facts  prove 
at  the  waters  of  the  continent,  in  the  supposed  case,  would  be  but 
e  waters  of  a  great  interior  sea,  having  only  the  very  feeble 
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movement  that  might  come  from  the  tides  setting  in  by  the  south 
and  the  northeast,  so  that  the  necessities  of  the  iceberg  theory 
wouhl  not  be  met.  Icebergs  and  vast  fields  of  floating  ice  over 
the  interior  of  the  continent  were  probably  among  the  phenomena 
of  tlie  closing  glacial  era,  during  the  opening  Champlain  period; 
but  the  waters  bearing  them  must  have  been  fresh  waters — ^vii., 
those  of  the  much  expanded  Great  Lakes,  and  those  of  the  flood 
(first  appealed  to  in  this  connection  by  Prof  Hilgard)  which  pro- 
ceeded from  the  melting  continental  glacier  over  the  vast  fnnnel- 
shapt'd  Mississippi  valley  reaching  from  the  Appalachians  on  the 
east  to  the  far  distant  Rocky  Mountains  on  the  west. 

In  a  geological  i)ai)er  on  the  New  Haven  region  (Connecticat), 
recentlv  published  by  the  writer,  it  is  stated  that  the  Champlain 
beds  oi  sand  and  gravel  which  underlie  the  plain  about  the  Day, 
show,  by  the  charaoter  of  the  stratification,  that  they  were  depoa- 
ted  by  the  inflowing  tidal  waves;  but  over  a  region  where  the 
Quinnipiac  valley  opens  out  upon  the  plain,  the  evidence  of  tidal 
deposition  stops  abruptly  at  a  level  twenty  feet  from  the  top,  and 
these  upper  twenty  feet  nearly  to  the  top  bear  unquestionable  evi- 
dence of  deposition  by  the  oiitflowmg  flooded  river.  This  part  of 
the  continent,  therefore,  was  certainly  not  submerged  in  a  deep  or 
shallow  ocean  during  the  Champlain  era.  j.  n.  d. 

3.  Some  of  the  Residts  of  the  Latest  JResearches  in  the  Waters  of 
the  Atlantic  and  Mediterranean, — These  results,  as  set  forth  in  % 
lecture  by  Dr.  Wm.  B.  Carpenter,  before  the  Royal  Institution, 
are  brieflV  as  follows : 

(1.)  The  waters  of  the  Atlantic  between  Falmouth  and  Lisbon 
are  most  salt  and  dense  at  the  surface,  as  first  observed  by  Forch- 
hammer.  The  specific  gravity  ranged  from  1*0269  to  1*0265,  the 
maximum  at  surface,  the  minimum  at  bottom.  The  amount  of 
chlorine  in  i^^rams  per  1000  cubic  centimeters  of  water  (determined 
by  volumetric  analysis)  averaged  at  surface  19*94,  at  bottom  19*75, 
intermediate  region  19*86.  The  maximum  at  surface  was  20*19. 
In  waters  taken  on  the  same  vertical  line  the  chlorine  was  at  sur- 
face 20*013,  at  10  to  50  fathoms  19*909,  at  100  f  19*805.  This 
excess  of  saltness  at  surface  is  attributed  to  evaporation.  Hut  the 
conse<juent  greater  density  is  stated  to  be  neutralized  by  the 
effects  of  colder  temperature  below. 

(2.)  The  saltness  in  the  Mediterranean  is  greatest  below  the  sur- 
face. In  the  shallower  parts,  it  is  greatest  at  bottom.  In  the 
shallower  parts  of  the  western  basin  (which  basin  includes  all  west 
of  Malta,  where  a  submarine  n^ge  crosses  the  sea,  and  which  has 
over  a  large  part  a  depth  of  1,500  fiUhoms,  while  the  eastern  is 
near  2,000,  and  even  2,150  fathoms  in  one  i>art),  the  average  spt- 
ciiic  e^ravitv  aiul  chlorine  at  surface  were  1*0278  and  20*87  :  at  hot- 
tcni  1*0285  and  21*38.  But  the  salinitv  does  not  increase  with  thf 
dcptli.  An  average  of  results  shows  that  at  200  to  400  fathoms 
the  s})ecific  gravity  and  chlorine  were  1*0287  and  21*53;  at  4<0  to 
800  fathoms,  1*085,  21*38;  at  l,30()  to  1,700  f,  1*0283,  21*21.  The 
increase  of  salinity  for  some  distance  downward  is  attributed  to  a 
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ing  of  the  surface  layer  as  it  becomes  more  dense  by  evapora- 
,  au  effect  not  apparent  in  the  Atlantic,  because  the  difference 
alinity  above  and  below  is  so  slight. 

t.)  The  temperature  of  the  North  Atlantic  waters  near  the  mar 
of  the  basin  decreases  downward  toward  35°,  but  with  an 
ipt  falling  off  at  800  fathoms  off  the  British  Channel,  near  lat. 
The  temperature  at  surface  being  62°*6  to  64**  0  F.,  it  was  at  76 
..,  49''-7;  at  96,  61°-3;  at  250,  50°-2;  at  300,  49°-6 ;  at  350, 
1;  at  450,  47°-6;  at  557,  47°-0;  at  600,  45°-5;  at  725,  43°-9; 
50,  420-5;  at  800,  42''0;  then  a  sudden  fall  of  3  degrees,  the 
perature  at  862  being  39°-7  ;  at  1,000,  38°-3  ;  at  1,250,  37**-7. 
':i  the  coast  of  Spain  and  Portugal,  average  lat.  39**,  the  tem- 
iture  at  81  fathoms  was  53®'5 ;  from  which  it  gradually  sunk 
l''-5  at  300  fath. ;  50°-5  at  600;  49°-3  at  800;  and  then  fell  off 
iptly  to  40**-3  at  862;  39°-7  at  1,000;  39°-7  at  1,250  fathoms. 
>r.  Carpenter  hence  observes,  "  It  appears  clear  that  we  have  in 
latitude  of  Lisbon  the  same  distinct  separation  between  an 
er  tcarm  and  a  lower  cold  stratum  as  presented  itself  in  the 
mel  between  the  Shetland  and  the  Faroe  Islands ;  but  whilst 
*  stratum  of  intermixture'  in  the  latter  lies  between  150  and 
fathoms,  it  lies  in  the  former  between  800  and  1,000  fathoms, 
jems  perfectly  clear  that  the  lower  stratum  must  have  had  a 
\T  source ;  but  there  is  no  evidence  that  the  upper  stratum  is 
ved  from  any  source  nearer  the  Equator.  Its  temperature, 
,»ed,  is  lovxer  by  4°  or  5°  than  that  of  the  Mediterranean  in  the 
e  parallel  of  latitude  at  corresponding  depths ;  and  since  the 
perature  of  the  latter  may  be  considered  as  the  normal  of  the 
:ude, — this  great  inland  sea  being  virtually  excluded  from 
icipation  in  the  general  oceanic  circulation, — it  would  seem 
,  the  effect  of  that  circulation  is  rather  to  lower  than  to  raise 
temperature  of  the  upper  stratum  of  this  portion  of  the  Atlan- 
Its  surface-temperature  during  the  summer  is  decidedly  lower 
1  that  of  the  Mediterranean  under  the  same  parallel ;  and  the 
tation  of  the  *M/>er-heating  to  its  most  superficial  layer  is  in 
re  accordance  with  our  Mediterranean  observations  upon  this 
it.  As  far  as  can  be  gathered  from  the  data  we  at  present  pos- 
,  the  winter  sui-facc-temperature  of  this  portion  of  the  Atian- 
is  scarcely,  if  at  all,  higher  than  that  of  the  Mediterranean 
er  the  same  parallels.  Hence  it  seems  a  justifiable  conclusion 
;  neither  the  superficial  layer,  nor  any  portion  of  the  upper  stra- 
,  of  the  Atlantic  water  that  laves  the  coasts  of  Spain  and  Por- 
il  receives  any  accession  of  heat  from  the  extension  of  the 
f-«tream  into  its  area." 

r.)  The  temperature  of  the  deeper  waters  of  the  Mediterranean 
3ry  nearly  uniform,  being  between  54°  and  56°*5,  and  nowhere 
ng  below  54° ;  and  this  minimum  cold  is  reached  at  a  depth  of 
it  100  fathoms.  In  a  trial  giving  average  results  for  the  sea, 
re  the  temperature  at  surface  was  77**,  at  5  fathoms  it  was  76°  ; 
0  f.,  71°;  at  20  £,  61*;  at  30  f.,  60°;  at  40  f.,  67°-3 ;  at  50  f., 
7 ;  at  TOO  f.,  55° '5.     54°  was  found  at  a  depth  in  one  case  of 
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790  f. ;  5G°  in  another  at  1,743  f. ;  55°  at  1,456  and  1,508  £,  thene 
being  merely  local  variations.  Hence  "  whatever  the  temperafun 
was  at  100 /athamSy  that  was  Oie  temperature  of  t/te  whole  mau  of 
icater  beneath  down  to  the  greatest  depth  colored,'''*  Between  Gil^ 
raltiir  and  Sardinia  the  bottom  temperature  ranged  between  54" 
and  55°'5,  average  54°'9;  toward  Sicily,  between  65°  and  b^^'h. 

Dr.  Carpenter  concludes  that  "  no  amount  of  aitrfcLceAievX  has 
power  directly  to  affect  the  temperature  of  sea-water  to  a  greater 
dei)th  than  100  fathoms,  the  elevation  of  temperature  it  produces 
below  30  fathoms  being  very  slight ;  and  it  seems  also  clear  that 
the  imiform  temperature  of  from  54°  to  56° '5,  encountered  below 
the  100  fathoms  stratum,  represent*  the  perm  anerU  temperature  oi 
the  great  mass  of  water  which  occupies  the  Mediterranean  basin. 
Now  this  mass  is  entirely  cut  off  from  the  influence  of  the  gene- 
ral oceanic  circulation;  the  surface-inflow  through  the  Strait  of 
Gibraltar  having  no  other  effect  than  slightly  to  lower  the  general 
temperature  at  the  western  extremity  of  the  basin.  And  Uie  uni- 
form permanent  temperature  of  the  mass  of  Mediterranean  water 
may  thus  be  considered  as  representing  the  mean  temperature  of 
the  earth  in  that  region,  slightly  raised,  perhaps,  by  a  downward 
c<mvectio7i  of  heat  from  the  surface  in  the  manner  to  be  presently 
described.  With  such  an  allowance,  it  corresponds  closely  with 
the  detenninations  of  the  mean  temperature  of  the  crust  of  the 
earth  in  Europe,  made  by  sinking  thermometers  into  the  ground 
to  such  a  depth  as  to  seclude  them  from  the  direct  influence  of 
summer  heat  or  winter  cold,  but  not  to  bring  them  within  the 
direct  influence  of  the  internal  heat  of  the  earth.  The  tempera- 
ture of  deep  caves  gives  another  set  of  data  of  the  like  kiml, 
\yhich  accord  very  closely  with  the  foregoing.  Thus,  Mr.  Peu- 
gelly  states  that  the  temi)eraturc  in  the  part  of  Kent's  Hole,  at 
Torquay,  which  is  farthest  from  its  entrance,  varies  but  little  from 
52°  throughout  the  year.  There  is  a  cave  in  the  island  of  Pautel- 
laria,  lying  between  Sicily  and  the  African  coast,  which  is  reputed 
to  be  of  '  icy  coldness ; '  but  Lieut.  Millard,  of  H.M.S.  '  Newport,' 
wlio  has  lately  been  making  a  careful  survey  of  the  island,  informed 
us  that,  although  he  felt  it '  very  cold '  on  passing  into  it  out  of  a 
very  hot  sunsliine,  its  actual  temperature,  taken  by  thermometer, 
was  54'^.  And  we  have  also  learned,  on  good  authority,  that  this 
is  the  temperature  of  the  bottom  of  the  deepest  tanks  in  which 
water  is  stored  up  in  Malta,  provided  that  these  are  excavated  (as 
is  very  commonly  the  case)  beneath  the  houses,  or  are  in  any  other 
way  secluded  from  the  direct  rays  of  tlie  sun." 

(5.)  The  waters  of  tlie  ^leditorraneaii  contain  matter  in  suspen- 
sion in  a  verv  tine  stati'  of  division,  whirli  it  derives  from  its  rivers, 
and  I'or  its  western  basin  hirLjelv  from  the  Khone.  The  bottom- 
water  is  almost  everywhere  turbid,  and  the  bottom  mudily. 
Verv  little  life  exists  ov<'r  it  when  thus  muddv,  and  this  is  attril»- 
utahle  to  the  fact  that  life  cannot  exist  wliere  then'  is  a  constant 
deposition  of  this  finest  >\\t  going  forward,  as  it  ten<ls  to  cover  the 
surface  of  the  animal  and  prevent  aeration.     Thus  oyster  beds  will 
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>t  flouiish  in  the  range  of  river  deposits.  The  facis  correspond 
ith  those  observed  by  Tyndal,  who  detected  the  particles  in  the 
irface-water  of  the  Mediterranean  by  electric  light,  and  attrib- 
;ed  the  deep  blue  color  of  the  waters,  as  well  as  of  those  of  Lake 
eneva,  to  their  presence. 

The  £acts  are  stated  to  explain  to  geologists  how  non-fossilif- 
"ous  argillaceous  strata  may  have  been  formed  in  past  time.  Dr. 
arpenter  suc^gests,  as  another  reason  for  the  absence  of  life  over 
le  Dottom  o^  the  Mediterranean,  the  stagnation  of  the  waters  due 
»  an  almost  total  absence  of  vertical  circulation.  If  this  last 
entiuned  cause  is  a  true  one,  it  should  have  excluded  life  from 
le  bottom,  where  it  is  rocky,  as  well  as  from  the  muddy  part. 

4.  On  the  Geological  Age  and  Microscopic  Structure  of  the 
trpentine  Marble  or  Ophite  of  Skye ;  by  Professors  W.  King 
id  T.  H.  RowNEY,  (Proc.  Roy.  Irish  Acad.,  Jan.  1871.) — On  the 
iifieral  Origin  of  the  so  called  "  Eozoon  Canadense^'*  by  the  same 
!b.,  Apr.  10,  1871). — In  the  first  of  these  papers,  the  authors 
ring  out  the  facts  with  regard  to  the  position  of  the  rocks,  and 
•rive  at  their  former  conclusion  that  the  ophite  is  an  altered  rock 
*  the  Liassic  period ;  and  further  show  that  the  eozoon-like  forms 
;*  the  Laurcntian  are  paralleled  in  those  of  the  skye  ophite.  In 
16  second  paper.  Dr.  Dawson's  reply  to  the  former  memoir  of 
[essrs.  King  and  Rowney  is  considered  in  detail,  and  in  closing, 
le  foUowuig  recapitulation  is  given  of  the  points  they  consider  as 
itablished : — 

(1.)  The  serpentine  in  ophitic  rocks  has  been  shown  to  present 
^pearances,  which  can  only  be  explained  on  the  view  that  it  under- 
^es  structural  and  chemical  changes,  causing  it  to  pass  into 
iriously  subdivided  states,  and  etching  out  the  resulting  portions 
to  a  variety  of  forms — grains  and  plates,  with  lobulated  or  seg- 
ented  surfaces — fibres  and  aciculi — simple  and  branching  con- 
jurations. Crystals  of  malacolite,  often  associated  with  the  %er- 
mtine,  manifest  some  of  these  changes  in  a  remarkable  degree. 

^2.)  The  "intermediate  skeleton"  of  "Eozoon"  (which  we  hold 
>  D€  the  calcareous  matrix  of  the  above  lobulated  grains,  &c.)  is 
impletely  ])aralleled  in  various  crystalline  rocks — notably  marble 
mtaining  grains  of  coccolite  (Aker  and  Tyree),  pargasite  (Fin- 
nd),  chondrodite  (New  Jersey,  *fcc). 

(3.)  The  "  chamber  casts  "  in  the  acervuline  variety  of  "  Eozoon  " 
•e  more  or  less  paralleled  by  the  grains  of  the  mineral  silicates  in 
le  pre-cited  marbles. 

(4.)  Tlie  "chamber  casts"  being  composed  occasionally  of 
ganite  and  malacolite,  besides  serpentine,  is  a  fact  which,  instead 

favoring  their  organic  origin,  as  supposed,  must  be  held  as  a 
■oof  of  tlieir  having  been  produced  by  mineral  agencies ;  inas- 
ach  as  these  three  silicates  have  a  close  pseudomorphic  relation- 
ip,  and  may  therefore  replace  one  another  in  their  naturally 
escribed  order. 

(5.)  Dr.  GUmbel,  observing  rounded,  cylindrical,  or  tuberculated 
ains  of  coccolite  and  pargasite  in  crystalline  calcareous  marbles, 


212  Scientific  Intelligence, 

considered  them  to  be  "  chamber  casts,"  or  of  organic  origin.  We 
have  showu  that  such  grains  often  present  crystalline  plancfl, 
angles,  and  edges ;  a  fact  clearly  proving  that  they  were  originally 
simple  or  compound  crystals  that  have  undergone  external  decre- 
tion  by  chemical  or  solvent  action. 

(6.)  We  have  adduced  evidences  to  show  that  the  "nammnline 
layer"  in  its  typical  condition — that  is,  consisting  of  cylindricil 
aciculi,  separated  by  interspaces  filled  with  calcite — ^has  or^nated 
directly  from  closely  i>acked  fibres;  these  fipom  chrysotile  or 
asbestiform  8eq)entine;  this  from  incipieutly  fibrous  serpentine; 
and  the  latter  from  the  same  mineral  in  its  amorphous  or  stnu^ 
tureless  condition. 

(7.)  The  '*nummuline  layer,"  in  its  typical  condition,  unmifl- 
takably  occurs  in  cracks  or  fissures,  both  in  Canadian  and 
Connemara  ophite. 

(H.)  The  "nummuline  layer"  is  paralleled  by  the  fibrous  coat 
whicn  is  occasionally  present  on  the  surface  of  grains  of  chon- 
drodite. 

(9.)  We  have  shown  that  the  relative  position  of  two  saperposed 
asbestiform  layers  (an  tipper  and  an  under  "proper  wall"), and 
the  admitted  fact  of  their  component  aciculi  often  passing  con- 
tinuously and  without  interruption  from  one  "chamber  cast"  to 
another,  to  the  exclusion  of  the  "intermediate  skeleton,"  are 
totally  incompatible  with  the  idea  of  the  "nummuline  layer"  hav- 
ing resulted  from  pseudopodial  tubulation. 

(10.)  The  so-called  "stolons,"  and  "passages  of  communication 
exactly  corresponding  with  those  described  in  Cydoclypeut^ 
have  lieen  shown  to  be  tabular  crystals  and  variously  formed 
bodies,  belonging  to  different  minerals,  wedged  cross- ways  or 
obliquely  in  the  calcareous  intersjiaces  between  the  grains  and 
plates  of  serpentine. 

(*1 1.)  The  "canal  system"  is  composed  of  serpentine,  or  malaco- 
lite.  Its  typical  kinds  in  tlie  first  of  these  minerals  may  be  traced 
in  ar  stages  of  formation  out  of  plates,  prisms,  and  other  solids, 
undergoing  a  process  of  superficial  decretion.  Those  in  malacolite 
are  made  up  of  crystals — single,  or  aggregated  together— that 
have  liad  their  planes,  angles,  and  edges  rounded  off^  or  have 
become  further  reduced  by  some  solvent. 

(12.)  The  "canal  system"  in  its  remarkable  branching  varieties 
is  e()mi>letcly  paralleled  by  crystalline  configurations  in  the  cocco- 
lite  marble  of  Aker,  in  Sweden ;  and  in  the  crevices  of  a  crystal 
of  spinel  imbedded  in   a  calcitic  matrix  from  Amity,  New  'iork. 

(13.)  The  confi<furations^  presumed  to  represent  the  "canal  sys- 
tem," are  totally  wHhont  <tny  retjuUtnty  of  form,  of  relative  size, 
or  of  arrangement;  and  they  occur  independently  of,  and  apart 
from,  other  "eozoonal  features"  (Amity,  Boden, '<S:c.) ;  facts  not 
only  demonstrating  them  to  be  purely  mineral  products,  but  which 
strike  at  the  root  of  the  idea  that  they  are  of  organic  origin. 

(14.)  In  answer  to  the  argument  that  as  all  the  foregoing 
"  eo7A)onal  features  "  are  occasionally  found  together  in  oj^hite,  the 
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ibiDatioii  must  be  considered  a  conclusive  evidence  of  their 
anic  origin,  we  have  shown,  from  the  composition,  physical 
^racters,  and  circumstances  of  occurrence  and  association  of 
ir  component  serpentine,  that  they  represent  the  structural  and 
finical  changes  which  are  eminently  and  peculiarly  characteris- 
of  this  mineral  It  has  also  been  shown  that  the  combination 
>aralleled  to  a  remarkable  extent  in  chondrodite  and  its  calcitic 
trix. 

[15.)  The  "regular  alternation  of  lamellae  of  calcareous  and 
ceous  minerals"  (respectively  representing  the  "intermediate 
deton,"  and  "  chamber  casts  ")  occasionally  seen  in  ophite,  and 
isidered  to  be  a  "fundamental  fact"  evidencing  anorganic 
ungement,  is  proved  to  be  a  mineralogieal  phenomenon  by  the 
t  that  a  similar  alternation  occurs  in  amphiboline-calcitic  marbles 
1  gneissose  rocks. 

(18.)  In  order  to  account  for  certain  wn^at(?«re?  difficulties  pre- 
ited  by  the  configurations  forming  the  "  canal  system,"  and  the 
cull  of  the  "  nummuline  layer " — ^that  is,  when  they  occur  as 
olid  bundles  " — or  are  "  closely  packed  ^^ — or  "  appear  to  be  glued 
f€i/ter" — Dr.  Carpenter  has  proposed  the  theory  that  the  sarcodic 
tensions  which  they  are  presumed  to  represent  have  been 
amed  into  stone"  (a  "siliceous  mineral")  "by  Nature's  cun- 
ig "  ("just  as  the  sarcodic  layer  on  the  surface  of  the  shell  of 
ing  foraminifers  is  formed  by  the  spreading  out  of  coalesced 
ndleB  of  the  pseudopodia  that  have  emerged  from  the  chamber 
kU") — "by  a  process  of  chemical  substitution  be/ore  their 
straction  by  ordinary  decomposition."  We  showed  this  quasi- 
hymical  theory  to  be  altogether  unscientific. 
(17.)  The  "siliceous  mineral"  (serpentine)  has  been  analo^ed 
th  those  foiming  the  variously-formed  casts  (in  "  glauconite," 
*.)  of  recent  and  fossil  foraminifers.  We  have  shown  that  the 
neral  silicates  of  "  Eozoon  "  have  no  relation  whatever  to  the 
bstances  composing  such  casts. 

(18.)  Dr.  Hunt,  in  order  to  account  for  the  serpentine,  loganite 
d  malacolite,  being  the  presumed  in-filling  substances  of 
*x>zoon,"  has  conceived  the  "  novel  doctrine  "  that  such  minerals 
•re  directly  deposited  in  the  ocean  waters  in  which  this  "  fossil " 
ed.  We  have  gone  over  all  his  evidences  and  arguments  with- 
t  finding  one  to  be  substantiated. 

(19.)  Having  investigated  the  alleged  cases  of  "  chambers"  and 
ubes "  occurring  "  filled  with  calcite,"  and  presumed  to  be  "  a 
Delusive  answer  to  "  our  "  objections,"  we  have  shown  that  there 
5  the  strongest  grounds  for  removing  them  from  the  category  of 
iable  evidences  on  the  side  of  the  organic  doctrine.  The  Tudor 
3cimen  has  been  shown  to  be  equally  unavailable. 
(20.)  The  occurrence  of  the  best  preserved  specimens  of"  Eozoon 
inadense  "  in  rocks  that  are  in  a  "  highly  crystalline  condition  " 
awson)  must  be  accepted  as  a  fact  utterly  fatal  to  its  organic 
gin.* 

Dr.  Carpeuter,  unable  to  defend  himself  against  Mr.  T.  Mellard    Reade'8 
>ctk)n  that  "  Eozoon  "  occurs  only  in  metamorphoaed  rocks  {NaMire^  No.  60) 
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(21.)  The  occurrence  of  "  eozoonal  features  "  solely  in  crystalline 
or  luctamorpliosed  rocks,  belonging  to  the  Laurentian,  the  Lower 
Silurian,  and  the  Liassic  systems — never  in  ordinary  unaltered 
deposits  of  these  and  the  intermediate  systems — must  be  assamtd 
as  completely  demonstrating  their  purely  mineral  origin. 

The  authors  add  to  the  paper  the  following  7>o«/*crt/?f. 

The  reading  of  the  foregoing  paper  was  followed  by  a  short 
communication  from  Dr.  Dawson,  on  ^'  two  points,"  which  it  is  now 
necessary  to  notice: — 

One  relates  to  some  fragments  of  Silurian  crinoids,  the  "celk 
and  tuhes"  of  which  are  in  the  state  of  casts  composed  of  "amo^ 
])hous  liydrous  silicate  of  alumina  and  ferrous  oxide,  with  some 
magnesia  and  alkalies,'^  also,  ^*  angular  and  partially  roanded 
grains  of  quartzose  sand  " — evidently  a  super-a  mm  incus  example 
of  the  widely  varying  mixtures,  known  as  glauconite,  green-eaith, 
&c.  The  case  is  interesting :  but,  never  having  denied  the  well- 
established  tact  that  foraminiferal  shells,  corals,  and  other 
organisms  occur  with  siliceous  in-iillings  of  the  kind — and  having 
already  determined  the  attempt  to  assimilate  such  substances 
with  a  certain  class  of  minerals  to  be  utterly  unsupported  bv  any 
proper  evidences — we  do  not  see  the  pertinency  of  introdncine  it 
(and  some  others  made  known  last  year  by  l5r.  Carpenter)  into 
the  present  discussion.  Besides,  it  is  altogether  gratuitous,  and 
inconsistent  with  scientific  reasoning,  to  assume  that  the  crinoidal 
in-iilling  "  is  similar  to  that  effected  by  the  ancient  serpentine  of 
the  Laurontian  "  (Dawson) ;  or,  that  it  is  *'  allied  in  the  mode  of 
its  formation  to  the  serpentine,  pyroxene,  and  other  minerals  which 
have  injcjctud  Eozoon"  (T.  Sterry  Hunt). 

The  other  relates  to  our  statement  of  the  occurrence  of  an 
essential  ^'  eozoonal  feature"  in  connexion  with  a  crystal  of  spinel, 
from  Aijiity.  We  now  learn  that  Dr.  Dawson  has  had  under  ex- 
amination specimens  of  spineliferous  rock  from  the  latter  place:— 
and,  notwithstanding  his  having  pronounced  the  case  as  "«ow/»- 
/iX,v///,"  the  result  is,  that  the  specimens  have  been  found  to  "con- 
tain in  spots,  remains  of  casts  of  canals  similar  to  those  of  HJoz^on 
Canf/(7r/isc.*'*  As  to  the  inference  that  the  specimens  "  are  po^ 
tions  of  a  bedded  rock,  and  not  a  vein  stone "- -without  taking 
into  consideration  that  it  is  suppositional,  and  based  on  an  exami- 
natitm  (»+  spocimens  preserved  in  roVecthju — it  cannot  set  aside 
the  plain  l:i<t,  that  in  our  specimen  arborescent  configurations— 
formed  of  iiroiij)s  of  decreted  ciystals  of  malacolite,  and  identical 

takes  rofuL'^*.'  ir.i  "...t  tho  ".d  captandum  ar^unient.  that  its  •"  Cftlcarooiis!  lainelLv* 
(•' hiti-riiK.'ili.'ito  <k»'l«'t.n  ")  •' sliow  less  <ii'i);irUire  fn»m  the  sliclly  text'iro  thnii  Jo 
the  grout  in:ii«.)ntv  ef  undoiibtvd  shel!?.  c<^ra!s.  kc.  contained  in  the  least  jiltor^l 
rock'^  nl"  any  p-tt  nirioal  pcrio«l ''  [Xntutu,  No.  (>2):  forsrelting  th:»t-,  as  the  sub- 
stance <>1"  ifucli  l".>s>ilrt  lias  umli.Tp'in'  x)  much  »'hange,  the  fiict  demands  a  va*l 
aijiouni  nt'  ineiiiii«>rpliisin  to  convert  ilie  p'cks  cont.iininj;  them — '*  least  alterx-d"  »^ 
they  luay  l)e — iiit-)  tlie  **  lii>chly  crystalline  condition"  of  '' eozotmai '"  oi'hiie. 
But  I»r.  C-r  pi.iii  r  seems  to  nu^undtTstand  the  ohjection  altogether:  as  it  is  net 
hased  -<•  uii:c'i  "ii  the  mimral  structure  of  the  "eozoonal  features/'  as  on  the  fici 
that  ihev  occur  best  preserved  in  "  highlv  crvsialliuo  "  or  luetamorphodod  rocks.— 
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;h  perfect  and  the  finest  examples  of  what  are  presumed  to  be 

asts  of  the  canal  system  " — are  present  in  calcite,  occupying  the 

'vi<"es  of  a  large  crystal  of  spinel.     The  fact  of  itself  conclusively 

ties  their  purely  mineral  origin. 

>.    On  the  Oil-bearing  Rocks  of  Ohio  and  West  Virginia;  by 

J.   Warner,     (Communicated.) — In  an  article  on  the  "Oil- 

aring  Limestones  of  Chicago,"  in  the  June  number  of  this  Jour- 

l,  by  Prof.  T.  SteiTy  Himt,  this  author  remarks  that  "  much  of 

B  petroleum  of  Pennsylvania,  Ohio,  and  the  adjacent  regions,  is 

iigenons  to  certain  sandstones  in  the  Devonian  and  Carbonifer- 

8  rocks." 

It  is  now  well  ascertained  that  the  heavier  lubricating  oils,  pro- 

Loed  along  the  well  known  uplift  in  West  Virginia,  are  found  in 

e  crevices  of  the  two  lower  members  of  the  Carboniferous  sand- 

>ne8,  namely,  the  conglomerate  proper,  and  the  next  overlying 

odstone  stratum,  the  two  being  separated  by  from  seventy  to 

te  hundred  feet  of  shales.     The  light  petroleum  produced  in  this 

me  district  is  principally  found  about  three  hundred  and  fifty 

?t  below  the  Coal-measure  conglomerate,  or  in  the  Upper  Devo- 

an  shales.     In  the  region  of  Sand  Hill,  whjere  the  uplift  reaches 

\  maximum  elevation,  the  base  of  the  conglomerate  is  brought  to 

it  bin  about  three  hundred  feet  of  the  surface.     The  Subcarbon- 

;rous  limestone,  as  well  as  all  true  representatives  of  the  Vesper- 

le  and  Umbral  of  Prof.  Rogers,  seem  here  to  be  wanting.     Nor 

the  depth  at  present  attained  by  boring  is  there  any  well-defined 

true  sandstone,  the  light  oil  bemg  found  rather  in  a  coarse  dark- 

enaceous  shale. 

In  the  Cow  Run  oil  district  in  Ohio,  which  lies  northward  from 

e  Virginia  district,  and  along  a  low  but  quite  sharp  anticlinal 

It — wnether  strictly  an  extension  of  the  West  Virginia  anticlinal 

not,  seems  as  yet  unascertained — ^the  oil,  which  is  here  of  light 

•avity,  is  found  principally  in  the  sandstone  stratum,  which  forms 

part  of  the  hills  in  the  West  Virginia  district,  and  is  doubtless 

e  Mahoning  sand  of  the  Pennsylvania  survey.     In  this  district 

e  conglomerate  is  passed  through  at  a  depth  of  about  twelve 

mdred  feet.     While  in  Virginia  the  crevices  of  the  conglomerate 

ere  filled  with  oil,  the  lighter  portion  of  which  had  escaped  by 

aporation,  in  Ohio  in  the  same  rock  but  little  oil  is  found,  while 

rong  salt  water  fills  most  of  the  crevices. 

Now,  while  these  several  sand  rocks,  where  they  come  to  the 

rface,  contain  Calamites,  Stigmaria,  and  other  fossil  plants  of  the 

wer  Coal-measures,  they  contain  nothing  from  which  petroleum 

>uld  possibly  have  been  derived. 

Again,  if  the  oil  originates  in  the  sandstones  where  it  is  found, 

liy  i«  it  limited  strictly  to  these  sharp  anticlinal  belts  ?    The  evi- 

jnce  seems  abundant,  that,  at  least  in  the  districts  under  consid- 

ation,  the  oil  comes  from  lower  strata,  but  whether  from  the 

larer  Genesee  and  Marcellus  slates,  or  the  deeper  Silurian  lime- 

dnes,  may,  perhaps,  be  yet  a  question ;  but  facts  which  would  re- 

lire  too  much  space  to  ask  for  here,  favor  the  view  of  the  nearer 

orce  in  the  bituminous  shales. 
Murietta,  Ohio,  July  12. 
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6.  Notes  on  some  points  in  the  Mineralogy  and  Otology  of 
Utah;  by  W.  P.  Blake.  (From  a  letter  to  Pro£  B.  Silliuak, 
dated  Salt  Lake  City,  July  27, 1871.)— I  left  New  Haven  hurriedly 
to  reach  the  Emma  Mine  and  examine  it.  It  is  a  remarkable  mine. 
Within  a  little  more  than  a  year  it  has  yielded  ore  worth  ot^ 
82,000,000,  and  this  without  any  special  outlay.  It  is  a  grett 
mass  of  soil  earthy-looking,  ore,  the  result  of  the  decomposition  <^ 
argentiferous  galena.  It  is  dug  out  with  shovels  and  picks,  sacked, 
and  sent  to  Liverpool,  where  it  sells  for  about  (175  per  ton.  The 
mass  is  between  strata  of  limestone,  the  middle  members  of  a  series 
of  strata  over  a  mile  thick.  The  lower  members  are  slate  and 
quartzite,  and  rest  upon  the  immense  masses  of  syenitic  enmite 
which  form  the  i)icturesque  Alpine-like  peaks  of  the  Wahsatch, 
Tliese  strata  are  all  much  uplifted  and  contorted,  some  of  the  harder 
beds  surging  up  into  peaks  at  least  1 1,000  feet  above  tide.  The  mine 
is  at  an  elevation  of  8,500  to  9,000  feet.  At  the  head  of  the  caSon 
upon  the  side  of  which  it  is  situated,  there  is  a  fine  exposure  of 
syenitic  granite  for  about  a  mile,  with  rounded  polish^  backs— 
roches  moutonnbes — probably  9,000  above  tide.  These  rocks  give 
conclusive  evi<ience  of  the  fonner  existence  there  of  a  large  glaoer. 
Much  of  the  polisti  upon  the  surface  has  been  removed  by  the 
action  of  the  weather.  The  patches  that  remain  are  dark  brown 
in  color,  while  the  syenite  is  light  gray,  and  they  show  the  same 
peculiar  scale-like  crusts  seen  on  the  partly  weathered  glaciated 
surfaces  above  the  Yosemite. 

In  addition  to  the  carbonate  of  lead,  the  mingled  oxides  of  lead 
and  antimony,  etc.,  found  generally  in  the  decomposed  lead  ores  of 
the  limestone  formation,  I  have  seen  some  peculiar  and  interesting 
species  from  other  parts  of  the  Territory.  ScU  Ammoniac  is 
shown  here  in  large  masses  from  the  southern  part  of  Utah.  It  is 
remarkably  pure  and  free  from  iron.  Trona  is  now  about  to  be 
largely  produced  from  the  shallow  lake  on  the  Sweetwater,  near 
Independence  Rock.  Cumabar  occurs  in  Camp  Floyd  District 
Bismuthlnite  is  likely  to  be  produced  in  considerable  quantitT 
from  a  vein  in  syenite  recently  opened  by  Messrs.  C.  F.  and  J.  A 
Meader  in  the  southern  part  of  the  Territory.  It  is  associated 
with  pyrites,  brown  dodecahedral  garnets,  and  considerable  horn- 
blende. 

7.  Xote  on  Coal-measure  Fucoids ;  by  G.  C.  Broadhsad.— 
(Communication  dated  Pleasant  Hill,  Mo.,  July  14th,  1871.) 

I  have  bci*n  interested  in  two  communications  in  the  June  and 
July  numbers  of  the  Journal  regarding  Cau/erpites  and  coal- 
plants.  In  Owen's  second  Report  on  the  Geology  of  Arkansas, 
]).  802,  Lo6<|ueroux  reports  the  occurrence  of  JFucoides  Cand^- 
gain  in  a  sandstone  of  Crawford  Co.,  Arkansas,  in  the  neighW- 
hood  of  the  coal-lields.  Considering  it  Devonian,  he  is  puzzled  at 
its  occurrence  there,  and  sugixests  the  possibility  that  it  has  "  a 
much  wider  range  of  distribution  than  had  till  now  been  sup- 
posed." He  adds  that  "  in  some  places,  along  the  margin  of  the 
eastern  coal-basin  of  Kentucky,  the  Conglomerate  is  sometimes 
underlaid  by  this  formation  of  the  Fucoides  Cauda-gidW*  I  think 
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it  further  investigation  would  show  this  Crawford  Co.  sandstone 
belong  to  the  Coal-measures. 

[  observed  the  Caulerpites  first,  about  the  year  1859,  in  Ran- 
Ipb  Co.,  Mo.,  occurring  in  hard  sandstone  and  sandy  limestone 
the  Coal-measures,  and  not  very  remote  from  the  base  of  the 
»wer  series :  it  was  there  about  live  feet  below  a  four-foot  bed 
ooaL  I  have  observed  traces  of  the  same,  here  at  Pleasant  Hill, 
Upper  Coal-measure  sandstone  and  sandy  limestone,  and  at  one 
her  locality  in  Missouri — I  think  probably  in  Lafayette  Co.  In 
68,  I  discovered  Caulerpites  in  a  shaly  sandstqpe  of  the  Upper 
lal-measures,  in  Montgomery  Co.,  Illinois,  above  the  horizon  of 
al  No.  1 3. 

8.  On  Carboniferous  and  Subcarboniferotis  Fossils  in  Monon- 
iia  Co,^  West  Virginia  ;  by  F.  B.  Meek  (Report  Regents  of 
niversity,  W.  Virginia). — ^Mr.  Meek  describes  in  this  paper  some 
w  species,  viz :  Ma>CTodon  obsoletus,  of  the  Lower  Coal-measures, 
uctUa  anodontoideSj  Yoldia  Steven sani  and  Y,  Carbonaria  of 
e  Coal-measures,  and  PhiUipsia  Stevensoniy  from  the  Chester 
oup  of  the  Subcarboniferous.  From  a  survey  of  the  species  col- 
3tea,  he  concludes  that  the  Chester  group  (of  the  Illinois  Reports) 
represented  in  Western  Virginia  by  at  least  six  Illinois  species, 
id  alon^  with  ten  or  a  dozen  other  species  which  he  could  not 
entify  because  of  the  imperfect  state  of  the  specimens.  The 
•ds  also  contain  Hemipronites  crassuSj  a  Coal-measure  species, 
d  a  Cyrtoceras  and  JBeUerophon,  closely  like  species  of  the  Coal- 
sasores.  He  observes  that  Monongalia  County  is  the  farthest 
tint  eastward  at  which  the  C'hester  group,  or  indeed  any  other 

the  divisions  of  the  Subcarboniferous  limestones  of  the  West, 
.8  yet  been  recognized.  The  species  from  the  lower  Coal-meas- 
es are  mostly  the  same  that  occur  in  the  Coal  series  of  Indiana, 
inois,  Missouri,  Kansas,  Nebraska,  etc.,  thoagh  few  of  them 
.ve  before  been  found  so  far  eastward.  In  some  of  the  States 
sntioned,  nearly  all  of  the  species  range  through  the  whole  of 
e  Coal-measures,  showing,  as  Mr.  Meek  remarks,  that  species 
^ed  on  through  a  great  length  of  time,  and  consequently  that  the 
imatic  and  other  physical  conditions  of  the  era  must  have 
mained  remarkably  uniform. 

9.  On  the  Stratigraphic  Relation  of  the  Orders  of  Reptilia;  by 
•ot  Edward  D.  Cope.* — The  stratigraphic  relation  of  the  orders 

Reptiles  is  shown  in  the  following  table : — 

^eseiU — RhjDchocephalia ;  Crocodilia;  Testudinata;  Lacertilia;  Ophidia. 

PftioeeiM— Crooodilia ;  Testudinata;  Lacertilia;  Opiiidia. 

Mioeentf— Crc*oodiiia ;  Testudinata;  Lacertilia;  Ophidia. 

EbeeiMi — Crocodilia;  Testudinata;  Lacertilia;  Ophidia. 

Or^kteeou9 — Omithosauria;  Dinosauria;  Crocodilia;  Sauropterygia;  Testudinata; 

oertilia;  Pythonomorpha. 

*  From  a  Memoir  on  the  Homologies  of  some  of  the  Cranial  bones  of  the 
ptilia  and  the  Systematic  Arrangement  of  the  Class,  in  the  Proc.  Am.  Acad. 
tstOD),  xiXf  194  On  the  preceding  page  of  the  memoir  the  author  argues  that 
\  supposed  LacerMia  of  the  Permian  are  all  RhynchocephcUia. 
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Jurassic — Ornithosauria ;  Dinosauria;  Ichthyopterygfia ;  Crocodilta;  Sannp' 
terygia;  Tcsludlnata;  Lacertilia. 

Triassic — Dinosauria;  Anomodontia ;  Rhynchocephalia ;  Ichthyopterjgia;  Croo- 
odilia;  Sauropterygia ;  ?    Testudinata.    ? 

Permian —  ?    Rhynchocephalia. 

• 

It  will  be  observed,  by  this  table,  that  the  most  specialized  Rep- 
tilian order,  the  Ophiclia,  appeared  last  in  time  in  the  Eocene 
period  ;  and  that  those  which  constitute  the  line  of  connection  with 
the  generalized  reptiles  appeared  earlier  as  they  approached  the 
latter, — the  Pythonomorpha  in  Cretaceous,  and  Lacertilia  in  JaraA- 
sic  times.  The  Reptilian  groups  most  specialized  in  bird  chan^ 
ters  (Ornithosauria  and  Dinosauria)  appear  on  the  other  hand  very 
early ;  ttie  first  and^^ost  mammalian  also, — the  latter  of  the  two, 
in  .furassic  beds.  The  Trias  gives  us  in  the  Anomodontia  and 
Ichthyopterygia  the  two  most  generalized  and  lowest  orders; 
while  their  contemporary,  the  Rhynchocephalia,  almost  as  much 
generalized  in  Reptilian  features  proper,  was  already  represented 
in  the  Trias.  Strangely  enough  tnis  order  yet  exists  in  the  livinf 
Sphenodon  of  New  Zealand.  The  Crocodilia,  rather  specialixea 
in  bird  characters,  accompanies  the  last  in  this  wonderful  penisl- 
encv,  beginning  also  in  the  Trias. 

The  inquiry  as  to  the  truth  of  the  proposition  that  the  more 
ancient  tvpes  of  animals  are  more  generalized,  and  therefore  more 
embryonic  in  the  characters  of  a  special  nature*  which  characte^ 
ized  groups  later  introduced,  is  answered  in  a  very  imperfect  way 
in  the  attirmative.  It  is  like  the  shadow  of  a  truth  whose  substance 
will  shortly  come  before  us.  But  when  we  come  to  compare  the 
subdivisions  of  the  orders  themselves  with  each  other,  and  with 
those  of  other  orders,  as  we  pass  backward  in  time,  the  weight  of 
the  affirmative  answer  to  the  above  proposition  is  greatly  increased. 
The  oldest  Ophidia  are  bosefomi,  therefore  approaching  Lacertilia 
and  Pythonomorpha.  The  oldest  Tortoises  have  generally  the 
most  incomplete  carapace  and  plastron  ;  among  them  the  Psepho- 
derma  allied  to  Sphargis,  without  carapace,  and  thus  the  most 
lizard-like  of  the  order.  The  Lacertilia  of  European  Jurassic  strata 
are,  some  of  them  at  least,  acrodont,  apparently  Pachyglossa  (e.  g,^ 
Acrosaurus),  and,  as  such,  nearer  the  Khynchocephalia,  which  pre- 
ceded them  in  time.  The  position  of  Ilomorosanrus  and  Pioco^ 
mus  is  not  determinable,  as  the  dentition  cannot  be  understood 
from  the  descriptions  and  figures  of  Wagner.  The  form  of  the 
mesosternum  of  the  former  refers  it  to  either  the  I^achyglossa  or 
Iguana,  as  I  understand  those  groups.  It  may  be  assumed  that 
since  the  order  Lacertilia  has  diverged  from  the  line  of  other  Rep 
tilia,  while  it  took  on  in  its  special  peculiarities,  it  lost  in  the  fea- 
tures characterizing  the  main  series  with  a  higher  tendency  or 
terminus,  thus  retrograding  in  one  sense.  This  is  seen  in  the 
shortened  sacrum,  pleurodont  dentition,  etc. 

The  Crocodilia  of  tlie  Jurassic  do  not  possess  the  ball-and- 
socket-jointed  vertebra^  of  the  recent  genera,  and  exhibit  the  plane 
articular  faces  of  all  the  Jurassic  and  Triassic  Reptilia.     Their 

*  The  idoDtity  of  these  two  propositions  has  not  always  been  noticed  by  author?. 
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asicranial  region  is  also  plane  like  that  of  other  orders,  instead  of 
ertical  as  in  the  recent  forms.  The  Triassic  Crocodiles  are  still 
lore  generalized.  Their  ribs  are  extended  to  the  pelvis,  as  in 
Hnosauria  and  Anomodontia :  there  are  often  three  sacral  verte- 
>raB,  an  approach  to  the  long  sacrum  of  the  same  orders.  The 
emor,  with  third  trochanter,  is  an  approach  to  that  of  the  Dino- 
anria;  and  finally  the  position  of  the  nostrils  near  the  orbits  (Be- 
^don)  is  a  Sauropterygian  feature.  In  the  Sauropterygia  the 
hortened  vertebral  column,  and  long  muzzle  (Pistosaurus)  in  the 
Idest  types  (Triassic),  are  approximations  to  the  Crocodilia.  The 
Mnosauna  display  an  increasingly  Crocodilian  character  ns  we 
lass  into  the  Triassic  period.  The  femur  (Palfeosaurus),  Megadac- 
ylas)  loses  the  bird-like  head,  and  assumes  the  ill-defined  convexity 
►f  the  Crocodiles ;  the  tibia  (Plateosaurus)  loses  the  bird-like 
'  spine,"  or  crest.  The  illium  is  shorter  (Palaeosaurus).  Every 
indent  of  the  subject  knows  liow  much  more  difficult  is  the  sepa- 
ution  of  the  bones  of  Sauroptervgia,  Crocodilia,  Anomodontia.  and 
!>mo8auria,  of  the  Trias,  than  those  of  the  Cretaceous.  There  are 
ypes  allied  to  the  Rhynchocephalia,  whose  systematic  position  is 
loubtfiil,  owing  to  the  generalized  character  of  the  parts  we  pos- 
lesa.  Thus  the  Rhynchosaurus  of  the  Trias  of  England  is  allied 
fO  that  order,  and  to  the  Anomodontia.  The  Rhopalodon  of  the 
?ennian  has  a  large  canine  tooth,  like  the  single  one  possessed  by 
he  Anomodontia;  but  with  others  associated,  like  those  of  the 
iihynchocephalia.  The  Triassic  Sauropterygia  and  Rhynchoce- 
>hi^a  also  agree  in  the  anterior  production  of  the  pterygoid  bones 
>etween  the  palatines  to  the  vomer.  Compare,  for  this  point,  Hy- 
>erodapedon  and  Nothosaurus. 

We  learn  from  such  considerations  as  the  above,  and  similar 
mes  derived  from  the  study  of  the  Manmialia,  that  the  successional 
■elation  of  the  faunse  of  the  periods  in  geologic  time  is  more  strik- 
ngly  exhibited  by  the  subordinate  contents  of  the  orders  than 
yj  the  orders  themselves,  in  relation  to  each  other.  From  this  we 
lecide  that  we  must  look  for  the  origin  of  the  orders  in*  periods 
mor  to  those  in  which  we  now  know  them,  if,  as  some  suppose, 
ihey  originated  in  still  more  generalized  types.  This  accords  with 
Elnxley's  view  of  the  period  of  origin  of  tne  mammalian  orders. 

It  most  also  be  remembered  that  the  above  deduction  as  to 
^logical  distribution  is  precisely  that  of  geographical  distribu- 
tion ;  t.  e.,  that  the  homologous  groups  of  different  continents  are 
lot  orders,  but  subordinate  divisions  of  ord*^rs,  the  orders  being 
iniversally  distributed.  This  coincidence  is  remarkable,  and  justi- 
ies  the  view  I  have  taken  of  the  origin  of  higher  types  on  the  basis 
)f  retardation  and  acceleration,  and  of  the  nature  of  synchronism.* 

10.  Endurance  of  Seat  by  Infusoria ;  by  F.  C.  Calvert. 
[Am.  Mag.  N.  H.,  fV,  viii,  129). — A  solution  of  sugar  in  which 
nfuBoria  had  appeared,  when  subjected  to  212*  F.,  still  contained 
t  or  5  small  black  Vibrios  quite  active,  and  2  or  ;3  energetic  ordinary 

♦  Origin  of  Genera,  1868;  Hypothesis  of  Evolution,  1870. 
Am.  Jour.  Sci.— Thibd  Sbrivs,  Vol.  II,  No.  9.— Sept.,  1871. 
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Vibrios.  The  same,  heated  to  800''  F.,  was  found  to  oontain  8 
ordinary  Vibrios  and  1  or  2  black  Vibrios.  At  400*  F.  the  ragar 
was  moBtl^r  decomposed  and  all  life  had  disappeared. 

An  infusion  of  hay  was  similarly  treated ;  after  heating  to  818*  F., 
there  were  present  a  few  small  black  'Vibrios;  and  even  after 
heating  to  300^  F.,  though  a  less  number.  None  was  found  after 
heating  to  400*.  212*  F.  destroyed  all  the  fungous  matter  that 
was  before  present  in  the  tubes. 

The  life  m  an  infusion  of  selatine  was  sliffhdy  deoreaaed  at 
100''  F.,  very  largely  at  212*  F.  and  had  wholly  disappeared  at 
300*  F. 

The  infusoria  in  putrid  meat  fluid  were  but  slightly  aflBdoted  at 
100*  F. ;  at  212*  F.  a  small  part  remained  alive  rat  inactiye,  tlw 
liquor  becoming  turbid  and  coagulated ;  at  300*  F.,  a  few  Vibrios 
were  alive,  the  small  black  ones  the  most  numerous ;  at  400*  F. 
all  life  had  disappeared. 

In  each  case  the  infusions  were  examined  24  days  after  the* 
heating.    The  results  show  diat  infiisorial  vegetable  lifie  of  some 
kinds  may  survive  a  temperature  of  even  300*  F.,  but  not  of 
400*  F. 

At  15*  F.  the  infusoria  became  languid,  but  with  an  inorease  of 
temperature  again  they  were  as  active  as  ever. 

11.  Meitachnikoff  an  tiis  qffinitMB  of  Crinoida. — ^Metaohnikofl^ 
to  whom  we  owe  so  many  valuable  embryological  investigatioiis, 
has  published  preliininary  notices*  of  the  early  staffes  of  CSoma- 
tula  which  are  of  the  utmost  importance,  as  they  &row  an  en- 
tirely new  light  on  the  affinities  of  the  Crinoiu  Thoroughly 
familiar  with  the  Pluteus  of  Holothurians,  Echini,  Starfishes  ana 
Ophiurans,  he  commenced  the  investiffation  of  their  earlier  stagee 
with  the  determination  of  tracing  the  presence  of  the  pecuUar 
water-system  of  the  larv»  of  the  other  orders  of  Fchinoderms,  what 
had  been  previously  written  by  Busch,  Allman  and  Thomson,  on 
the  early  stages  of  Comatula,  giving  no  data  whatever  bes^g 
upon  the  subject. 

To  his  surprise  he  found  no  such  water-system,  nor  could  he 
trace  anything  in  any  way  homologous  to  it;  he  also  discovered 
that  what  constitutes  the  water-system  of  adult  Crinoids,  which 
has  always  been  homolo^ised  with  the  water-system  of  other 
Echinoderms  is  developed  m  a  totally  different  manner.  In  the  free 
swimming  Comatula  larva  the  bag-like  digestive  sac  is  the  only 
organ  developed,  it  becomes  the  digestive  cavity  of  the  adult 
after  the  larva  attaches  itself  to  the  ground.  He  noticed  the 
tentacles  as  diverticula  of  the  digestive  sac  in  the  interior  of  the 
larva ;  these  subsequently  force  their  way  through  to  the  exterior, 
at  the  time  when  tfie  digestive  bag  has  become  further  diiferen- 
tiated,  and  is  provided  with  a  mouth  opening  in  the  center  of  the 
oval  disk,  and  an  anus  opening  not  far  from  it  on  the  side  of 
the  calyx.  There  is  formed  at  this  stage  a  large  cavity  which 
divides   into   two  parts ;    the    upper    part,  uniting    the    hollow 

♦  Bulletin  Acad.  St.  Petersburg,  xt,  p.  608,  February,  1871. 
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tentacles  at  tbeir  base,  forms  the  so-called  circular  canal,  wbUe 
below  it,  and  connecting  witb  it,  we  have  a  large  cavity  form- 
ing tbe  perivisceral  cavity,  a  mode  of  development  of  tbe  cir- 
coiar  ring  and  of  tbe  perivisceral  cavity  totally  unlike  tbat  ob- 
served in  Opbiurans,  Starfisbes,  Ecbini  and  Uolotburians. 

Metscbnikoff  compares  the  mode  of  development  of  the  upper 
and  lower  cavity  to  analogous  processes  in  tbe  embryonic  growth 
of  Alcyonella  and  other  Bryozoa ;  be  traces  a  striking  similarity  in 
tbe  stracture  and  position  of  the  digestive  organs  and  tentacles 
witb  similar  organs  of  Bryozoa.  However  that  may  be,  he  has 
shown  conclusively  that  the  larva  of  Coraatula  has  apparently 
nothing  in  common  with  other  Echinoderm  larvsB ;  but  we  must 
irait  for  bis  figures  on  this  intricate  subject  before  we  can  decide 
if  the  position  he  assigns  to  Crinoids  is  true  to  nature.       a.  ao. 

12.  Chinese  Botaiiy, — We  have  received,  through  the  kind  atten- 
tion of  tbe  author,  a  curious  pamphlet,  of  50  pages.  On  the  Study 
and  Value  of  Chinese  Botanical  Works,  with  !S^ot€S  on  the  History 
if  I^nts  and  Geographical  Botany  from  Chinee  Sources;  by 
E.  Brbtschneidkr,  M.D.,  Physician  of  tbe  Russian  Legation  at 
Peking.  Illustrated  with  8  Chinese  wood-cuts.  Printed  at  Foo- 
rhow.  The  preface  bears  the  date  of  Dec.  17,  1870.  In  it  tbe 
lathor  declares  that  he  is  '' neither  a  Sinologue  nor  a  Botanist;" 
lis  '*  knowledge  in  Chinese  as  well  as  in  botany  being  very  lim- 
tecL"  But  bis  enquiries  on  the  spot  under  advantageous  condi- 
ions,  and  tbe  use  he  has  made  of  '*  the  splendid  library  of  tbe 
Russian  Ecclesiastical  Mission  at  Peking,  where  are  to  be  found 
not  only  all  Chinese  works  of  importance,  but  also  most  European 
kK>ok8  relating  to  China,"  have  not  been  fruitless.  The  pamphlet, 
lot  to  speak  of  critical  matters,  is  fall  of  interesting  information 
3onceming  esculent,  medicinal,  and  other  economical  plants,  natives 
y£  China  or  of  early  introduction,  and  the  question  of  nativity 
jr  tbe  source  of  introduction  is  treated  of  by  the  aid  of  Chinese 
locnments,  some  of  them  of  high  antiquity.  Cotton  appears  to 
have  been  of  comparatively  recent  introduction,  having  reached 
China  in  the  9tb  or  10th  century,  from  Central  Asia  and  Cochin 
China.  Contrary  to  some  authorities,  "it  can  be  proved  from 
Chinese  sources  that  Maize  and  Tobacco  are  not  indigenous  in 
China."  But  the  Batatas,  or  Sweet  Potato,  held  to  be  of  American 
origin,  "was  described  in  Chinese  books  a  long  time  before  the 
discovery  of  America,  L  e.,  in  the 'third  or  fourth  century."  Sugar- 
cane did  not  pass  from  China  to  India,  but  the  reverse,  and  as 
early  as  the  second  century  B.  C,  although  it  was  several  centuries 
hiter  tbat  a  native  of  India  taught  the  Chinese  to  make  crystallized 
sugar,  or  "  stone  honey."  a.  g. 

18.  Plants  killed  by  Frost :  do  they  die  in  Freezing  br  in  Thaw- 
ing f — ^That  in  certain  cases  plants  die  in  freezing,  is  shown  by 
Pro!  Gosppert,  of  Breslau,  in  a  very  satisfactory  way,  in  an 
article  in  a  recent  number  of  Bot.  Zeitung,  The  flowers  of  cer- 
tain Orchids,  notably  the  milk-white  blossoms  of  CcUanthe  vera- 
trif<dia,  produce  indigo ;  but  only  upon  a  chemical  reaction,  which 
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takes  effect  upon  the  death  of  the  parts.  When  crushed,  or  the  cells 
in  any  way  destroyed  as  to  vitality,  they  turn  blue  immediately. 
Now,  upon  exposure  to  cold,  the  flowers  turn  blue  at  once  upon 
freezing,  showing  that  life  then  departed.  Phaius  grandiflora 
and  other  species  of  that  genus  are  said  to  show  the  same  thing. 

A.  6. 

ni  Astronomy. 

1.  Scintillation  of  the  Stars. — Prof.  L.  Rebpiohi  has  published 
an  extended  and  very  interesting  paper  upon  this  subject,  it  being 
an  extract  from  the  proceedings  of  the  Accademia  Pontificia  de 
Nuovi  Lincci,  at  the  session  held  Febr.  14,1869.  It  gives  the 
results  of  a  great  number  of  observations  made  with  the  spectro- 
scope upon  stars  of  different  magnitudes,  and  with  every  vanety  of 
circumstance  as  to  elevation,  azimuth,  atmospheric  conditions,  a^d 
the  like.  The  first  portion  of  the  paper  is  a  resumi  of  an  earlier 
one  giving  the  results  of  a  series  of  observations  made  previously 
to  ^lay  1868.  The  conclusions  arrived  at,  although  incomplete, 
were  so  important,  that  Pro!  Respighi  made  a  more  extended 
series  of  over  700  observations,  which  were  continued  from  October, 
1868,  to  February,  1869.  The  instrument  employed  was  an  equi- 
torial  by  Merz,  with  an  aperture  of  4^  inches,  and  provided  with 
a  direct-vision  prism  by  Hoflmann,  with  a  cylindricsu  lens  between 
the  prism  and  the  ocular. 

When  the  telescope  was  directed  toward  a  star  near  the  horizon, 
the  spectrum  of  the  star  with  its  characteristic  lines  was  seen,  and 
in  addition  to  these,  broad  bands,  usually  dark,  very  rarely 
bright,  which  slowly  traversed  the  spectrum  from  one  end  to  the* 
other,  passing  from  the  violet  to  the  red,  when  the  star  was  in  the 
east,  and  in  the  opposite  direction  when  it  was  in  the  west.  The 
characteristic  phenomena,  as  summed  up  by  Pro£  Respighi,  are  as 
follows. 

(1.)  In  normal  atmospheric  conditions,  the  motion  of  the  bands  is 
from  the  red  to  the  violet  for  stars  in  the  west,  and  from  the 
violet  to  the  red  for  stars  in  the  east. 

(2.)  Near   the  meridian,  whether  north  or  south,  the   motion 

fenerally  oscillates  from  one  color  to  the  other,  and  sometimes  the 
ands  appear  stationaiy,  or  traverse  only  a  portion  of  the  spectrom. 
(3.)  The  motion  of  the  bands  is  more  regular  and  less  rapid  near 
the  horizon,  while  at  greater  altitudes  it  is  less  regular  and  more 
rapid. 

(4.)  When  the  instrument  is  so  placed  that  the  spectrum  is  verti- 
cal, the  motion  of  the  bands  is  the  same  as  when  it  is  horizontal, 
but  the  bands  are  less  definite,  and  nearly  transversal,  up  to  ao 
altitude  of  HO'" ;  while  for  greater  altitudes  they  become  suece^ 
sively  more  indistinct,  changing  into  longitudinal  bands,  and 
sometimes  into  mere  moving  masses  either  bright  or  obscure,  and 
not  rarely  resulting  in  mere  changes  of  brightness. 

(5.)  The  bright  bands  are  more  rare  and  less  regular  than  the 
dark  ones,  and  occur  only  near  the  horizon. 
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(6.)  Not  unfrequently,  in  the  case  of  stars  of  low  altitude,  besides 
he  bands  which  are  regular,  there  occur  other  series  of  bands 
ess  regular  and  more  inclined,  and  sometimes  also  longitudinal. 

(7.)  Under  normal  atmospheric  conditions,  neighboring  stars  all 
>Te8cnt  the  same  phenomena. 

(8.)  Under  abnormal  conditions  of  the  atmosphere,  the  bands  are 
nore  feeble  and  more  irregular  in  form  and  movement. 

(9.)  When  high  winds  prevail,  the  bands  are  very  faint  and  in- 
listinct,  and  sometimes  appear  as  mere  changes  oi  brightness  in 
rhe  spectrum,  even  when  the  stars  are  near  the  horizon,  and  very 
3right. 

(10.)  When  the  images  of  the  stars  are  very  diffuse,  the  bands 
ire  most  feeble  and  indistinct. 

(11.)  When  the  bands  are  regular  in  form  and  movement,  there  is 
l^nerally  good  weather ;  and  it  would  appear  in  general  that 
"egularity  m  the  phenomena  of  scintillation  is  a  reliable  basis  for 
predicting  the  continuance  of  fair  weather. 

(12.)  The  phenomena  of  scintillation  are  most  distinctly  marked 
yn  evenings  of  greatest  atmospheric  humidity. 

Prof.  I^pighi  then  discusses  the  cause  of  the  scintillation  as 
indicated  by  the  phenomena  observed.  The  regularity  and  con- 
itancy,  both  in  direction  and  velocity,  of  the  motion  of  the  bands 
with  respect  to  the  meridian,  namely,  from  red  to  violet  for  stars 
in  the  west,  and  from  violet  to  red  for  those  in  the  east,  shows 
that  it  cannot  be  attributed  to  ascending  or  descending  movements 
»f  the  atmospheric  masses,  but  must  be  due  to  some  more  general 
cause ;  and  he  concludes  that  this  cause  is  the  rotation  of  the 
earth,  by  which  the  luminous  rays  are  carried  through  atmos- 
pheric strata  of  varying  density. 

For,  in  traversing  the  air,  the  path  of  the  least  refrangible  rays 
would  present  the  least  deviation  from  a  straight  line,  and  that  of 
the  most  refrangible  the  greatest.  Of  the  rays  which  pass  into  the 
Instrument  or  the  eye  therefore,  the  violet  must  enter  the  atmos- 
phere at  a  more  elevated  point  than  the  red  rays.  Hence  the 
cone  of  rays  if  traced  backward  from  the  eye  toward  the  star 
would  be  spread  out  into  a  vertical  spectrum,  with  the  most 
refrangible  rays  uppermost,  and  the  others  lying  successively 
lower  m  their  order.  The  curvature  of  the  rays  in  passing  through 
the  air,  as  affecting  the  different  rays  in  the  same  direction,  may 
be  neglected.  Pro£  Respighi  finds  by  calculation,  that  for  a  star 
near  the  horizon,  the  breadth  of  this  spectrum  at  a  distance  of  90 
kilometers  from  the  observer  would  be  not  less  than  10  meters, 
and  near  the  limits  of  the  atmosphere  it  must  be  several  times  as 
great. 

Now  the  rotation  of  the  earth  carries  the  luminous  cone  onward, 
causing  the  rays  to  traverse  successively  different  portions  of  the 
atmosphere.  If  there  are  heterogeneous  strata  in  the  latter  from 
condensation  or  rarefaction,  these  would  act  successively  upon 
the  different  colors  of  the  cone  in  their  order.  Toward  the  west, 
the  motion  of  the  air,  relatively  to  the  cone,  is  upward,  and  hence 
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the  i*ed  rays  of  the  latter  are  encountered  by  it  first.  In  the  east 
the  phenomena  occur  in  the  reverse  order,  the  violet  rays  being 
the  first  to  be  affected. 

Now  the  dispersion  of  the  rays,  for  a  star  near  the  horizon,  co^ 
responds  to  a  very  small  angle  at  the  eye  of  the  observer,  and  a 
very  sliglit  increase  or  decrease  in  the  density  of  a  portion  of  the 
air  may  cause  a  considerable  deflection  of  a  ray  from  its  normal  f>ath. 

If  then  the  star  observed  is  in  the  east,  the  mass  of  air  will  meet 
the  violet  end  of  the  spectrum  first,  and  as  its  refracting  power  is 
changed  with  its  density,  the  violet  rays  will  be  deflected.  They 
will  thus  be  thrown  out  of  the  spectrum,  causing  a  dark  band, 
which  will  advance  through  the  other  colors,  as  the  mass  of  air 
travels  through  the  other  portions  of  the  cone  of  rays.  K  the  star 
is  toward  the  west,  the  mass  of  air  will  meet  the  red  end  of  the 
spectrum  first,  and  the  dark  band  will  pass  from  the  red  to  fhe 
violet.  At  or  near  the  north  and  south  points,  as  the  atmospheric 
motions  would  in  general  be  transverse  to  the  spectrum  formed  in 
the  air,  the  bands,  if  formed  at  all  would  move  in  either  direction 
indifferently,  and  present  great  irregularities. 

As  the  elevation  of  the  star  increases,  the  len^h  of  the  atmos- 
pheric spectrum  becomes  less  and  less,  as  the  incidence  of  the  rays 
oecomes  more  nearly  normal,  and  the  bands  traverse  it  with  corres- 
pondingly  greater  velocity.  Above  40°  of  altitude,  Prof.  Ree- 
pighi  has  found  that  the  cone  of  rays  differs  so  little  from  a  cylin- 
der that  the  effects  above  described  are  scarcely  perceptible. 

Again,  taking  the  divergence  of  the  rays  at  the  eye  of  the 
observer  as  about  11",  which  is  probably  near  the  tnith,  astbe 
angle  described  by  the  earth  in  one  second  is  15",  the  time 
occupied  by  a  dark  band  in  passing  the  whole  length  of  the  spec- 
trum would  be  somewhat  less  than  one  second,  and  in  the  obsen'a- 
tions  the  time  was  found  to  be  not  far  from  this. 

Considering  the  complete  agreement  of  these  deductions  with 
the  phenomena  observea.  Prof.  Respighi  concludes  that  the  cause 
of  the  scintillation  is  to  be  found  in  the  actual  subtraction  of  a 
portion  of  the  rays  by  the  unequal  refraction  of  the  masses  of  air 
through  which  they  are  caused  to  pass  by  the  rotation  of  the  earth, 
and  he  is  thus  led  to  reject  both  the  explanation  of  Arago,  accont 
ing  to  which  it  is  due  to  interference,  and  that  of  Montigny  who 
ascribed  it  to  the  total  reflection  of  a  portion  of  the  rays  by  strata 
of  air  unequally  heated. 

In  the  case  of  the  planets,  owing  to  the  breadth  of  their  disks, 
the  spectra  are  superposed,  and  the  phenomena  are  in  general  not 
distinctly  seen,  as  they  ])roduce  ordinarily  simple  chanires  of 
briurhtness,  or  mere  irre*xnh»r  oscillatorv  movements  of  the  imasres. 
In  observations  uj)on  the  brighter  planets,  however,  especiallv 
Venus,  when  near  the  horizon,  Prof.  Kespighi  has  occasionally, 
under  favorable  circumstances,  recognized  the  same  phenomena  as 
are  displayed  by  the  fixed  stars.  a.  w.  w. 
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2.  On  the  recent  Solar  Eclipse;  by  J.  Norman  Lockyer. — 
r.  Lockyer  closes  an  interesting  lecture  on  the  Solar  Eclipse, 
livered  before  the  Royal  Institution,  on  March  1 7th,  as  follows : 
I  will  proceed  now,  if  you  will  allow  me,  to  some  of  the  general 
salts  obtained  during  the  last  eclipse. 

I  think  that,  although  tjie  work  has  been  very  unfortunately 
terrupted,  still  the  result  has  been  most  satisfactory.  By  putting 
^ether  observations  here  and  observations  there,  I  consider  that 
r  knowledge  of  the  sun  is  enormously  greater  than  it  was  a  few 
>nth8  ago.  For  instance,  we  are  enabled  to  understand  the  long- 
glected  observation  of  Rayet,  and  the  equally  long-neglected 
servation  of  Pogson ;  and  we  know  that  outside  the  hydrogen 
are  is,  in  all  probability,  a  new  element  existing  in  a  state  of 
nost  infinite  tenuity.  And  we  are  sure  of  the  existence  of  cool 
drogen  above  the  hot  hydrogen,  a  fact  which  seemed  to  be 

fatived  by  the  eclipse  of  1869. 
think,  if  we  had  merely  determined  that  there  was  this  cool 
drogen,  all  our  labor  would  not  have  been  in  vain,  as  it  shows 
e  rapid  reduction  of  temperature ;  but  there  is  more  behind.  I 
Id  you  that  M.  M&dler,  in  summing  up  the  observations  made 
I  to  1860,  came  to  the  conclusion  that  part  of  the  corona  was  cer- 
xiXj  solar,  and  that  whether  the  outer  portions  were  or  were  not 
lar,  was  a  matter  of  doubt.  I  do  not  say  that  we  have  settled 
%t  absolutely,  but  we  have  firm  evidence  that  some  of  the  light 
the  corona  is  due  to  reflexion  between  the  earth  and  the  moon, 
le  outer  corona  was  observed  to  have  a  rosy  tinge  over  the  prom- 
mces,  and  the  spectrum  of  the  prominences  was  detected  many 
nates  above  them,  as  well  as  on  the  dark  moon.  It  could  not 
ve  got  this  color  at  the  sun,  for  its  intrinsic  color  is  green,  and 
a  red  light  of  the  hydrogen  supplied  at  the  sun  is  abolished 
ogether,  is  absorbed,  and  can  only  reach  the  corona  at  the  sun, 
to  speak,  as  dark  light. 

It  is  a  great  fact  that  we  are  sure,  as  far  as  observation  can  make 
Bare,  that  there  is  a  glare  around  the  hydrogen  which  gives  us 
?  spectrum  of  hot  hydrogen  on  the  corona,  where  we  know  that 
t  hydrogen  does  not  exist.  Assume  the  hot  hydrogen  which 
res  us  the  red  light  to  be  only  two  minutes  high,  the  spectro- 
>pe  has  picked  it  up  eight  minutes  from  the  sun  I  The  region  of 
>l  hvdrogen  is  exaggerated  in  the  same  way.  We  get  it  where 
.»re  IS  no  indication  of  the  cool  hydrogen  existing.  And  then, 
th  regard  to  the  element  which  gives  us  the  line  of  the  green,  we 
L  that  twenty  minutes  or  twenty-five  minutes  away  from  the  sun. 
ell,  no  man  who  knows  anything  about  the  matter  will  affirm 
it  it  is  certain  that  the  element  exists  at  that  distance  from  the  sun. 
rherefore  I  think  we  have  absolutely  established  the  fact  that 
the  sun — the  uneclipsed  sun — gives  us  a  glare  around  it,  so  each 
er  of  the  chromosphere  gives  us  a  glare  around  it.  That  is 
ictly  what  was  to  be  expected,  and  that  it  is  true  is  proved  by 
?  observation — a  most  important  observation  made  m  Spain — 
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that  the  air,  the  cloud,  ever  between  us  and  the  dark  moon,  jriv« 
us  the  same  spectrum  that  we  get  from  the  prominences  themsehei 

Given,  however,  the  layers  and  elements  in  the  chromosphere 
extended  as  far  as  you  will,  and  apparently  increaBed  or  not  by 
reflexion  7iot  at  the  8un.  we  have  still  to  account  for  rays,  rifU, 
and  the  like.  If  anyone  will  explain  either  Mr.  Brother^s  photo- 
graph or  Mr.  GilinauV  picture  of  the  eclipse  of  1869,  containing 
those  dark  bands  starting  from  the  moon  and  fadine  away  into 
space,  and  the  bright  variously-colored  rays  between  them,  on  aoj 
solar  theory,  he  will  render  great  service  to  science.  But  in  the 
meantime  1  must  fall  back  upon  31.  Madler's  opinion  of  1860,  with 
the  addition  to  it  that  I  have  stated  that  we  have  found,  at  all 
events,  that  some  of  the  doubtful  light  is  now  solar ;  we  have 
turned  the  opinion  into  a  fact. 

Bear  in  mind  that  close  to  the  sun  you  have  a  white  layer  com- 
])osed  of  vapors  of  many  substances,  nicluding  all  the  outer  ones; 
outside  this  is  a  yellow  region  ;  above  that  a  region  of  hydrogen, 
incandescent  and  red  at  the  base,  cooler,  and  therefore  blue,  higher 
u]),  the  red  and  blue  commingling  and  serving  us  violet ;  and  then 
another  element  thinning  out  and  givmg  us  green.  Take  the«e 
colors  in  connection  with  those  which  are  thrown  on  our  laudscape£ 
or  on  the  sea  during  eclijises,  each  region  being  lighted  up  in  turns 
with  varying,  more  or  less  monochromatic,  liglit,  and  that  light  of 
the  very  color  composing  the  various  layere,  each  layer  being,  as 
I  have  shown,  so  much  brighter  than  the  outer  ones  tliat  its  fighl 
pre<lonii nates  over  them.  Is  it  too  much  to  suggest  to  those  who 
may  be  anxious  to  attemjit  to  elucidate  this  subject,  that  probably 
if  they  would  consider  all  the  conditions  of  the  i>robleni  presentetl 
by  that  great  screen,  the  moon,  allowing  each  of  these  layers  by 
turn  to  throw  its  light  earthward,  the  inequalities  of  the  e«lgt'of 
the  iflutndar  moon  allowing  here  light  to  pass  from  a  richer  region, 
here  stopjjing  light  from  even  the  dimmer  ones,  they  would  be 
able  to  expLiin  the  rays,  their  colors,  variations,  apparent  twisthigs, 
and  change  of  side?  I  do  not  hesitate  to  ask  this  question,  i>e 
cause  it  is  a  diflicult  one  to  answer,  since  the  whole  (.{uestion  is  om- 
of  tnornious  diliiculty.  Hut  dithcult  though  it  be,  I  trust  I  haw- 
shown  you  that  we  are  on  the  right  track,  and  that  in  spite  of  our 
bad  weather,  the  ol>servations  made  by  the  English  and  American 
Government  Kclipse  Expedition  of  1870  have  largely  increaM-J 
our  knowledge. 

With  increase  of  knowledge  ijenerallv  comes  a  necessitv  f^r 
cljauging  the  nomenclature  l)elonging  to  a  tmie  when  it  was  im- 
])erieit.  The  researches  to  whirh  I  have  drawn  your  attention  1'orm 
no  exreption  to  ihi^  rule.  A  few  yeai*s  agt)  our  science  was  satis- 
tied  witli  tlie  terms  proniinenees,  sierra,  and  corona,  to  repivstiU 
the  |»lu'noniena  1  have  broui^ht  belore  vou,  the  natuiv  ol'  l>otli 
bfinu"  absolutely  unknown,  as  is  indicate(l  by  the  fact  that  the  term 
si'ir*!  was  employed,  and  aptly  so,  when  it  was  inmgined  tin' 
proniiuiMK'es  might  be  solar  mountains!  We  now  know  UKUiy  *'I 
the  constituent  materials  cd'  these  strani^e  thimrs;  we  know  that 
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are  dealing  with  the  exterior  portion  of  the  solar  atmosphere, 
a  large  knowledge  of  solar  meteorology  is  already  acquired, 
ch  shows  us  the  whole  mechanism  of  these  prominences.  But 
also  know  that  part  of  the  corona  is  not  at  the  sun  at  all. 
ice  the  terms  leitcosphere  and  hcUo  have  been  suggested  to 
ignate  in  the  one  case  the  regions  where  the  general  radiation, 
ng  to  a  reduced  pressure  and  temperature,  is  no  longer  subor- 
it^  to  the  selective  radiation,  and  in  the  other,  that  part  of  the 
>iia  which  is  non-solar.  Neither  of  these  terms  is  apt,  nor 
iither  necessary.  All  purposes  will  be  served  if  the  term 
3na  be  retained  as  a  name  for  the  exterior  region,  including 
rays,  rifts,  and  the  like,  about  which  doubt  still  exists,  though 
s  now  proved  that  some  part  is  non-solar^  while  for  the  un- 
bted  solar  portion  the  term  Chromosphere — the  bright-line  re- 
a — as  it  was  defined  in  this  theatre  now  two  years  ago,  exactly 
resses  its  characteristic  features,  and  differentiates  it  from  the 
•tosphere  and  the  associated  portion  of  the  solar  atmosphere. 
lere  my  discourse  would  end,  if  it  were  not  incumbent  on  me  to 
;e  how  grateful  I  feel  to  Her  Majesty^s  Government  for  giving 
;he  opportunity  of  going  to  the  eclipse ;  to  place  on  record  the 
^ure  we  all  felt  in  being  so  closely  associated  in  our  work  with 
distinguished  American  astronomers  who  from  first  to  last 
ed  us  greatly ;  and  to  express  our  gratitude  to  all  sorts  of  new 
nds  whom  we  found  wherever  we  went,  and  who  welcomed 
18  if  they  had  know  us  from  our  childhood. 
.  Shooting  Stars  of  August  lO^A-ll^A. — At  Sherburne,  N.  Y., 
arty  of  six  persons  watched  for  the  August  meteore  on  the  night 
the  lOth-llth  of  the  month.  Between  11*'  40"^  and  12\  fartg- 
ht  were  seen.  In  the  next  hour  one  hundred  and  forty-three 
*e  counted,  and  in  the  first  eighteen  minutes  of  the  next  hour, 
'tg-two.  By  this  time  the  moon  was  sensibly  diminishing  the 
ubers  seen,  and  the  party  broke  up. 

i'he  latitude  of  the  radiant  was  one  and  one-half  degrees  less 
n  that  of  the  nebula  in  Perseus.  Its  length  was  at  least  two 
^rees,  extending  from  a  point  2°  or  3°  to  the  left  of  that  star 
)ne  »°  or  1 0°  to  the  right.  A  large  part  of  the  tracks  near  the 
iant  could,  however,  be  regarded  as  diverging  from  the  portion 
:he  left  of  JiJta,  Nearly  or  quite  seven-eighths  of  the  meteore 
•e  judged  to  be  conformable  to  the  above  Ime  as  a  radiant. 

H.  A.  N. 

.  On  a  Meteor  seen  at  Wdmingtou^  N,  C,  Jidy  19;  by  Capt. 
S.  Martin. — On  Wednesday  night,  July  19th,  between  8  and  9 
ock,  we  were  v^ery  much  startled  by  a  blaze  of  light,  followed 
a  hissing  noise  like  fire  roaring.  Our  first  thought  was  that 
house  was  on  fire,  but,  in  a  second,  a  large  ball  of  fire  came 
ing  through  the  air,  immediately  over  the  liouse,  from  the  south 
^ard  the  north,  and  broke  in  the  northern  heavens,  throwing  off 
36  large  stars  of  crimson  fire.  Almost  a  minute  after,  there 
le  a  loud  report,  as  of  a  cannon,  only  followed  by  a  roll  too 
y  for  a  gun  and  not  quite  long  enough  for  thunder. 
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IV.  Miscellaneous  Scientific  Intelligence. 

1.  Deep  Sea  Dredging^  under  the  direction  of  the  Coast  Sur- 
vet/. — The  U.  S.  Coast  Survey  Steamer  F.  R.  Hassler,  commander 
P.  C.  Johnson,  U.  S.  N.,  now  approaching  completion  at  WUming- 
ton,  Del,  will  be  dispatched  as  soon  as  ready  to  the  coast  of  CaK- 
fornia  for  the  survey  for  which  she  is  designed. 

Prof.  Peiree,  Superintendent  of  the  Coast  Survey,  to  make  this 
long  voyage  by  way  of  the  Straits  of  Magellan  as  profitable  as  poi- 
sible  to  science,  has  oifered  to  Prof.  Agassiz  the  mrection  of  a  sci- 
entific party  to  sail  in  her,  and  pursue  during  the  voyage  deep  ses 
researches  and  investigations  m  natural  history  at  the  difierent 
points  of  stoppage.  The  party  will  consist  of  Prof.  Agassiz  as  di- 
rector (accompanied  by  Mrs.  Agassiz),  Ex-President  Hill  of 
Harvard  College  as  physicist,  Assist.  L.  F.  Pomtales  of  the  Goaat 
Survey  in  charge  of  deep  sea  dredgings.  Dr.  Steindachner  asicthy- 
ologist,  Mr.  Blake  as  draughtsman.  Some  of  the  officers  of  the 
ship  have  also  qualified  themselves  to  assist  in  various  researches. 

The  points  at  which  the  steamer  will  probably  stop  will  be  Bct- 
muda,  Trinidad,  Rio  Janeiro,  Montevideo,  the  Falkland  Islands, 
the  Straits  of  Magellan,  Juan  Fernandez,  the  Gallapagos. 

The  ship  is  fitted  out  with  a  special  view  to  deep  sea  soundings 
and  dredgings,  and  will  probably  be  ready  for  sea  in  the  latter 
part  of  September. 

2.  International  Congress  of  Prehistoric  Anthropology, — Tlie 
annual  meeting  of  this  Congress,  instituted  by  the  Italian  men  of 
science,  will  open  at  Bologna  on  the  Ist  of  October  next,  and 
continue  eight  days.  The  payment  of  twelve  francs,  which  may 
be  sent  to  Professor  Capellino  at  Bologna,  will  entitle  any  one  to 
a  card  of  membership  and  to  all  its  publications.  The  special 
questions  before  the  meeting  are : 

1.)  The  age  of  Stone  in  Italy. 

*2.)  The  cavenis  on  the  borders  of  the  Mediterranean,  and  par- 
ticularly those  of  Tuscany,  compared  with  those  of  southern  France. 

(3.)  The  lake-dwellings  of  northern  Italy. 

(4.)  Analogies  between  the  "  Terramarres "  and  the  Kjodc- 
kenma3ddinff. 

(5.)  Chronology  of  the  first  substitution  of  bronze  for  iron. 

(0.)  Craniological  questions  with  reference  to  the  several  races 
which  have  ]>eopled  the  different  parts  of  Italy. — Les  Mondtt^ 
xxiv,  (572. 

3.  Prof,  Marshes  Pocky  Mountain  Expedition. — A  letter  to 
one  of  the  editors  from  Prof.  Marsh,  dated  Fort  Wallace,  Kansas, 
July  '25th,  1871,  states  that  he  has  just  returned  from  his  prelimi- 
nary tri]),  among  the  Sauriaiis,  and  has  in  his  large  collations, 
obtained  in  Kansas  during  the  last  fortnight,  some  very  interest- 
ing things,  including  various  portions  of  the  hind  limbs  of  the  Mosa- 
saurs,  and  some  more  remains  of  the  Pterodactyl  found  last  steason. 

By  the  latest  information  from  the  party,  they  were  at  Salt 
Lake  City,  bound  westward. 
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4.  British  Association, — The  meeting  for  the  current  year  at 
£dinbur^  commenced  on  the  2nd  of  August.  Sir  William  Thom- 
son, the  jPresident,  delivered  his  inaugural  address  in  the  Music 
BalL  The  Emperor  of  Brazil  occupied  a  chair  on  the  President's 
right  hand.  The  present  was  the  third  meeting  at  Edinburgh 
luring  the  40  years  of  the  existence  of  the  association. 

The  report  of  the  treasurer  shows  that  at  the  Liverpool  meet- 
ing (1870)  £862  were  taken  in  annual  subscriptions,  £1,103  from 
issociate's  tickets,  and  £910  from  ladies'  tickets.  The  whole 
income  of  the  year  was  a  little  over  £5,239,  or  more  than  twenty- 
dz  thousand  dollars. 

6.  American  Association. — ^The  meeting  was  opened  at  Indian- 
ipolis  on  the  16th  of  August.  The  address  of  Prof.  T.  Sterry 
Elant,  the  retiring  president,  was  delivered  to  a  large  audience  in 
bhe  evening.  Besides  other  business  of  the  morning  session,  Profes- 
§or  J.  E.  ffilgard,  of  the  U.  S.  Coast  Survey,  chairman  of  a  special 
committee  appointed  with  reference  to  estaolishing  an  observatory 
it  one  of  the  highest  points  of  the  Pacific  Road,  reported  that  a 
memorial  had  been  presented  to  Congress  on  the  subject,  and  favor- 
able action  was  hoped  for  at  an  early  day. 

The  proceedings  of  the  meeting  have  come  too  late  to  be  further 
QOticed  in  this  number. 

ft.  Atnerican  Naturalist. — The  press  of  the  American  Natural- 
ist, at  Salem,  Mass.,  will  issue,  according  to  a  recent  announce- 
ment, a  number  containing  abstracts  of  papers  read  at  the  meet- 
ing of  the  American  Association  at  Indianapolis,  and  the  address 
3f  Dr.  Hunt,  the  retiring  President. 

OBITUARY. 

Edward  Claparbde. —  One  of  the  most  industrious  and 
earned  of  the  younger  zoologists  of  Europe,  Edward  Claparbde, 
las  lately  (June,  1871)  died  at  Sienna,  at  the  age  of  39.  His  me- 
noirs,  be^un  in  1867,  have  been  issued  with  remarkable  rapidity. 
rlis  principal  works  consist  of  his  monographs  on  the  Innisona 
md  Annelids.  In  all  his  papers,  his  thorough  physiological  and 
anatomical  training  is  perceptible,  his  details  being  always  dis- 
cussed in  all  their  general  bearing.  Living  in  Geneva,  and  a 
)upil  of  Johannes  Mtlller,  he  wrote  with  equal  facility  French 
ma  German :  an  admirable  draughtsman,  his  many  papers,  which 
lave  appeared  in  the  principal  German  and  French  scientific  peri- 
Mlicals,  are  excellently  illustrated  and  wonderfully  accurate. 

His  qualities  as  an  original  and  independent  observer  are  best 
een  in  his  larger  memoir  on  the  Annelids  of  the  Gulf  of  Naples, 
ind  his  observations  on  the  Anatomy  and  Embryology  of  the 
invertebrates  made  on  the  coast  of  Normandy.  His  style  was 
"emarkably  clear  and  his  information  very  extensive,  as  is  shown 
rom  his  scientific  reviews  in  the  Archives  de  Geneve.  Thoroughly 
Ddependent  in  his  scientific  opinions,  he  never  allowed  himself  to 
)e  carried  away  by  weight  of  authority,  and  no  scientific  charla- 
an  protected  by  eminent  names  was  allowed  to  pass  current ;  his 
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reviews  and  criticisms  were  often  sharp,  bat  always  just,  and 
never  persouaL  The  Academy  of  Geneva,  where  he  was  l^tefigor 
of  Anatomy,  will  find  it  difficult  to  fill  the  plac€  of  one  who,  in 
spite  of  his  failing  health,  showed  an  enthusiasm  for  his  science 
rarely  equalled.  a.  ag. 

Alexander  Ksitii  Johnston,  the  geographer,  died  at  Edin- 
burgh, oil  the  11th  of  July,  aged  sixty-eight 

V.   Miscellaneous  Bibliography. 

1.  Dr.  Ellis's  Life  of  Sir  Benjamin  Thompson^  iJount  JRuitt- 
ford*  is  \vTitten  in  the  best  taste  as  a  literary  production,  and 
sets  the  character  of  this  philosopher  in  its  true  light  as  an  origi- 
nal genius  and  able  investigator.  The  memoir  opens  with  a  happy 
parallel  between  Benjamin  Franklin  and  Benjamin  Thompson, 
"  who  were  born  within  twelve  miles  of  each  other,  under  like 
str:iits,  in  humble  homes;  both  of  English  lineage,  of  an  ancestry 
and  parentage  yeomen  on  the  soil  on  either  continent,  without 
dependence  upon  inherited  means,  or  patronage,  or  even  good  few- 
tune."  Yet  it  api)ears  they  were  never  acquainted  personally,  al- 
though they  were  for  thirty  years  contemporaries,  of  similar  tastes 
and  pursuits,  and  were  intimate  in  friendship  or  oorrespondence 
witli  some  of  the  same  distinguished  pei-sons.  Both  labored  in  in 
unselfish  spirit,  and  both  succeeded  in  doing  what  has  been  for 
the  goo<l  of  a  common  humanity,  *' without  distinction  of  class,  and 
without  a  view  to  any  personal  ends  of  thrift  or  glory."  K 
Franklin,  whether  by  good  fortune  or  a  keener  sense,  attained  a 
higher  fame  as  a  statesman,  there  can  be  no  doubt  that  Tliompson 
WHS  more  eminent  in  his  scientific  pursuits  and  attainments,  and 
that  is  no  small  praise  in  view  of  all  that  Franklin  did  in  science. 
As  historians  of  science  which  is  cosmopolitan,  we  can  overlook, 
if  we  cannot  wiiolly  excuse,  the  course  which  misled  Tliompson  to 
take  u])  anus  against  his  country,  under  circumstances  of  a  highly 
irritating  character  which  go  far  to  excuse  what  we  bave  ri'asou 
to  know  he  often  regretted.  Dr.  Ellis  has  had  access  to  numerous 
orincinal  sources  of  information,  which  have  enabled  him  to  correct 
many  en-ore  which  had  become  traditional  in  the  lives  of  Runiford, 
and  to  add  a  great  number  of  items,  both  curious  and  instructive, 
showing  the  youth  to  have  been  father  to  the  man.  His  skill  with 
his  pencil  was  early  developed  as  a  caricaturist,  and  in  sketches,  as 
well  as  in  attempts  at  wood  engraving,  he  showed  considerable  skill 
w^hon  he  was  not  over  fifti*en  yeai*s  of  age.  His  letters  of  enquiry, 
addrosstMl  at  about  the  same  aire  to  his  early  friend  Loanimi  Hald- 
will,  touch  on  nianv  subjects  of  a  scientific  nature,  which  few  hnyi 
at  tliat  age  are  wont  to  trouble  themselves  with;  this  brief  note, 
dated  *'  ^V<^l^urn,  iVugust,  17(50,"  will  serve  as  an  example: — 

*  Memoir  of  Sir  lienjaniin  Thnmpsoi!,  Count  Rumford,  with  notices  of  hi-Dau^'h- 
ter.  By  di  or(;k  K.  Ellis.  Published  hi  coimeetiou  with  an  edition  of  hi&  works, 
hy  the  AniericaM  Aead<Miiy  lA^  Art.s  an  I  Sci'-nees,  Boston.  Published  for  i}k^  Aca^l- 
omy  by  (Uaxtuu,  Ri'iusen,  it  Ilatlblfinjrer.  Pliiladelpliia.     680  pp.  8vo.     lf<71. 

The  Complete  Works  of  Count  Kunifurd.  Vol.1.  Boston:  Publislied  by  the 
Ainericau  Acadomy  of  ArU  and  ^c\euceA.     \^'A  \.^. '$>\o. 
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r:  Please  to  give  the  Nature,  Essence,  Beginning  of  Existence,  and  Rise  of 
n  General,  with  the  whole  Theory  thereof^  so  as  to  be  able  to  answer  all 
ons  relative  thereto.  Yours,  Benjamin  Thompson." 

:  Ellis  copies  from  the  old  memorandum  book  of  young  Thomp- 
which  has  fortunately  been  preserved,  a  number  of  very  curious 
r% ;  among  them,  "  An  Account  of  what  expence  I  have  been  at 
rds  getting anElectrical  Machine."  Commencing  "1771, July  1, 
.  brass  wyer,'  and  giving  item  by  item  over '  iron  wyer,'  'Pewter 
ike  bullets,' '  Old  brass,' '  1  Book  Brass  Leaf,' '  Oil  bottles,' '  Cop- 
^'ilings,' '  Silver  Brons,' '  Shellac,' '  Laquer,'  *  Varnishing  brush,' 
la  fortis,'  &c.,  «fec.,"  which  is  soon  followed  by  "  An  Account 
lat  Work  I  have  done  towards  Getting  an  Electrical  Machine." 
«ras  then  1 7  years  old,  and  had  enjoyed  no  advantages  of 
ation  beyond  the  most  elementary  training  of  a  rural  school, 
r  early  efforts  "  towards  getting  an  electiical  machine,"  being  a 
hadowinff  of  the  energy  and  personal  attention  which  many 
5  later  aided  him  in  his  memorable  researches  upon  heat,  in 
h  he  so  broadly  laid  down  the  doctrines  sustained  by  most  re- 
table  original  experiments,  in  anticipation  of  the  Mechanical 
)ry  of  Heat.  Our  readers  will  find  Dr.  Ellis's  memoir  of  Rum- 
a  most  entertaining  and  instructive  portraiture  of  this  remark- 
person.  It  will  not  be  forgotten  that  he  was  the  originator 
founder  of  the  Royal  Institution  of  Great  Britain,  where  Davy, 
day  and  Tyndal  have  found  the  chief  theater  of  their  memor- 
labors.  It  is  fitting  that  the  American  Academy  of  Arts  and 
ices  at  Boston,  as  the  custodian  of  his  funds,  specially  en- 
ed  to  them  to  promote  research  in  his  chosen  departments  of 
it  and  Jfeat,  should  publish  "The  complete  works  of  Count 
iford."      They  will  probably  fill  four  volumes.  b.  s. 

On  the  direction  and  force  of  the  Wind^  toith  thefaU  of  Rain 
Snow  at  Wallingfordy  Conn,^  from  observations  made  by 
\amin  F.  Harrison^  M.D,^  and  reduced  by  Francis  K,  Loomis, 
).,  Pro£  of  Physics  and  Industrial  Mechanics,  Cornell  Uni- 
ty, pp.  62.  (From  the  Transactions  of  the  Conn.  Academy  of 
and  Sciences,  Vol.  II,  1871). — The  observations  discussea  in 
paper  were  made  at  Wallingford,  a  town  about  twelve  miles 
h  of  New  Haven.  The  wind  observations  were  made  with  a 
*ecording  apparatus  similar  in  most  respects  to  Osier's  self- 
rdine  anemometer,  and  embrace  a  period  of  five  years.  The 
rvations  were  reduced  separately  for  each  hour  of  each  month 
le  year;  and  the  results  are  graphically  represented  upon  a 
e  which  exhibits  in  a  very  striking  manner  the  diurnal  changes 
le  wind's  direction.  During  six  months  of  the  year,  viz :  from 
►ber  to  March,  inclusive,  this  diurnal  change  is  small,  but  dur- 
;he  other  six  months  the  diurnal  change  is  very  great,  and  is 
)  remarkable  in  May  and  August,  when  during  the  forenoon 
average  wind  blows  almost  directly  from  the  north,  and  in  the 
•noon  almost  directly  from  the  south.  This  remarkable  change 
fio  average  direction  of  the  wind  is  traced  to  the  changes  of 
)erature  of  the  land  and  the  neighboring  water ;  and  the  cause 
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assigned  seems  adequate  to  account  for  all  the  facts  at  present 
known  in  this  vicinity.  It  is  much  to  he  desired  that  a  similar 
series  of  observations  should  he  made  at  New  Haven,  for  the  pu^ 
pose  of  developing  still  more  precisely  the  laws  which  govern  the 
diurnal  and  annual  changes  in  the  wind^s  directioo. 

The  Wallingford  observations  also  show  the  mean  force  of  the 
wind,  togetlier  with  its  diurnal  and  annual  changes,  but  in  a 
manner  less  satisfactory  than  they  show  its  direction. 

The  same  article  furnishes  the  fall  of  rain  and  snow  at  Walling- 
ford for  a  period  of  twelve  years,  from  which  it  appears  that  the 
average  annual  precipitation  at  Wallingford  is  fiiteen  per  cent 
greater  than  at  New  Haven. 

The  good  judgment  and  perseverance  of  Dr.  Harrison  in  making 
these  observations  are  greatly  to  be  commended,  and  we  hope  his 
example  may  be  imitated  by  many  other  observers  in  our  country. 
The  results  of  such  observations  are  not  only  important  in  their 
bearings  upon  questions  of  pure  science,  but  they  are  intimately 
connected  with  the  interests  of  every  individual,  with  the  pros- 
perity of  agriculture,  and  the  security  of  commerce. 

3.  A7inuul  lieport  of  the  Board  of  Regents  of  the  Smithsonian 
Institution^  showing  the  operations,  expenditures  and  condition  of 
the  institution  for  the  year  1869  ;  430  pp.  8vo.  Washington,  1871. 
— Besides  the  report  of  the  Secretary,  this  valuable  volume  contains 
the  follownig  memoirs,  selected  from  various  sources : — Life  and 
works  of  Kepler,  bv  M.  Berthrand ;  Eulogy  of  Thomas  Young,  by 
Arago ;  Memoir  of  A.  Bravais,  by  K  de  Beaumont ;  Life  and 
Scientific  Labors  of  S.  Marianini,  by  C.  Matteucci ;  Chemistry  of 
the  Earth,  by  T.  S.  Hunt ;  Electrical  Currents  of  the  Earth  by  C. 
Matteucci ;  on  the  Phenomena  of  Flight  in  the  Animal  Kingdom, 
with  many  illustrations,  by  M.  Marey ;  on  the  Northern  Seas,  by 
M.  Babinet ;  Report  of  the  Trans.  Soc.  Phys.  and  Nat.  History  of 
Geneva;  Coronado's  March  in  Search  of  the  "Seven  Cities  of 
Cibola,"  and  discussion  of  their  probable  location,  by  Gen.  J.  H. 
Simpson,  U.  S.  A. ;  on  the  Social  and  Religious  Condition  of  the 
Lower  Races  of  Men,  by  Sir  John  Lubbock ;  on  the  Principles  and 
Methods  of  Paleontology,  by  T.  H.  Huxley ;  Remarks  on  the  "  Casa 
gicantesca"  of  Yzamal  m  \  ueatan,  by  Dr.  A  Schott;  Forest*^  and 
their  Climatic  Influence,  by  M.  Becquerel ;  on  a  Meteorite,  from 
Washington  Co.,  Wisconsin,  by  Dr.  Fr.  Brenndecke ;  Remarkable 
Forms  of  Hailstones  in  Georgia,  by  S.  Abich ;  Eruption  of  the 
Volcano  of  Colima,  by  C.  Sartorius. 

4.  Elemente  der  miner alogie^  von  Dr.  Carl  Friedrich  Nau- 
MANN.  8th  onlarged  and  improved  edition,  with  836  figures, 
606  pp.  8vo.  Leipzig,  1871  (W.  Engelmanu.) — Dr.  Naumann's 
Elements  of  ^Mineralogy  is  the  most  prominent  of  recent  German 
Mineraloiifical  text-boots.  Its  editions  have  followed  one  anotlier 
rapidly,  and  the  present  is  the  eighth.  It  is  a  complete  but  con- 
densed work,  its  descriptions  being  brief,  and  also  its  notices  of 
localities  and  its  mention  of  chemical  composition.  The  figures  of 
crystals  are  numerous  and  excellent. 


THE 


AMERICAN 


JOURNAL  OF  SCIEriCE  AND  ARTS. 


[THIRD   SERIES.] 


Art.  XXXTT. —  On  the  ConneciicxU  River  valley  Olacier,  and 
other  examples  of  Ola/ner  movement  along  the  valleys  of  New 
England;  dj  James  D.  Dana. 

In  former  papers^  I  have  spoken  of  the  existence  of  a 
Connecticut  valley  glacier  in  the  Glacial  era;  understanding 
bj  the  expression,  as  I  have  said,  that  the  under  part  of  the 
great  continental  glacier  lying  in  the  Connecticut  valley-de- 
pression moved  in  the  direction  of  the  valley — either  while  the 
great  glacier  was  at  its  maximum  thicknass  and  held  on  its 
southeasterly  course,  or  after  its  partial  decline. 

I  propose  now  to  give  more  fully  the  evidence  with  regard 
to  the  (Connecticut  valley  movement ;  and,  further,  to  show  that 
other  lar^e  valleys  of  central  and  western  New  England  had 
also,  in  the  same  sense,  their  valley-fflaciers — ^that  is,  they  de- 
termined the  direction  of  the  ice  that  lay  within  them. 

The  facts  appealed  to  in  support  of  the  conclusions  are  partly 
of  my  own  observation ;  but  they  are  mostly  drawn,  for  Massa- 
chusetts, from  the  Report  on  the  Geology  of  the  State  by  Dr. 
E.  Hitchcock,  who  labored  with  much  enthusiasm  in  this  de- 
partment of  the  science ;  for  New  Hampshire,  from  an  unpub- 
lished map  by  Prof  C.  H.  Hitchcock,  kindly  fiimished  me 
by  its  author ;  for  Vermont,  from  the  V  ermont  Geological  Re- 
port, which  contains  the  numerous  observations  of  Prof.  C.  B. 
Adams,  Prof  C.  EL  Hitchcock,  A.  D.  Hager  and  Zadock 
Thompson ;  for  eastern  New  York,  between  New  England  and 
the  Hudson  river,  from  the  volume  of  the  New  York  Geological 

"»  MaDiud  of  Otology,  186.1,  p.  644;  This  Journal  II,  zxxv,  249,  1863;  Trana. 
GonneoCicut  Acad.,  ii,  46 ;  This  Journ.,  Ill,  i,  1,  and  126. 
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Reports  by  Wm.  W.  Mather,  an  assiduous  laborer  in  this  field 
of  research. 

We  leam,  first,  from  the  scratches  on  the  rocks  outside  of  tk 
larger  valleys  of  New  England — that  is,  over  its  higher  lands— 
that  the  general  course  of  the  continental  glacier  covering  New 
England  was  between  S.  20''  E.  and  S.  50*"  E.  The  true  course, 
deduced  from  the  magnetic,  is  here  given,  and  so  throughout  tlie 
fpUowing  pages. 

On  the  high  region  of  western  Connecticut  (1000  to  1200  feet 
above  the  sea),  about  Warfen  and  Litchfield,  the  author  found 
the  courses  of  the  scratches  S.  29°  E. ;  more  to  the  west)  east  of 
Kent,  on  Kent  mountain,  S.  19**  E.  ;  to  the  south  of  Kent,  aboat 
Newtown,  S.  88°  E.  Percival  observes  that  over  this  western 
part  of  Connecticut  the  direction  of  the  transfer  of  drift  was  to 
the  S.S.E.  (probably  meaning  S.  20°-25°  E.);  and  he  cites  as 
proof  the  aistribution  of  blocks  of  limestone  over  Litchfield 
county  from  Canaan,  and  also  of  other  rocks  over  the  same  and 
other  countiea  Mather  gives  for  the  direction  in  Litchfield  coun- 
ty. Conn.,  near  Norfolk,  S.  20°-25°E.,  and  Hitchcock,  for  that 
on  Mt  Tom,  the  highest  elevation  near  Litchfield,  S.  17°-22°E 

West  of  the  State  of  Connecticut,  between  it  and  the  Hudson 
river  in  Dutchess  county,  not  far  west  of  Arthursville,  I  ob- 
tained for  the  course  of  scratches  (which  were  common  over  the 
region)  S.  24°  E.  Mather  found  in  Putnam  county  ^uth  of 
Dutchess),  near  Patterson,  S.  17°  E.  to  S.  22°  E. ;  in  Dutchess 
county,  mostly  between  S.  15°  E.  and  S.  80°  E.,  but  in  some 
places  S.  35°  E. ;  and  north  of  Dutchess  county,  in  Columbia 
county  (west  of  Massachusetts),  mostly  S.  18°  E.  to  S.  80°  E, 
with  some  on  the  mountain  top  east  of  Shaker  Village  and  else- 
where in  that  vicinity,  S.  45°  E. 

In  the  Taconic  range,  along  the  western  boundary  of  Massa- 
chusetts, Dr.  Hitchcock  found  the  course  of  the  scratches  on 
the  top  of  Mt  Everett  (2600  feet  above  the  sea)  and  on  the  ad- 
joining Mt  Washington  S.  18°  E. ;  15  miles  farther  north,  on 
top  of  Tom  Ball  in  Alford,  30  miles  north  of  Mt  Washington, 
S.  43°  E. ;  on  the  east  slope  of  the  Taconic  ridge  near  Pittsfield 
(in  same  latitude  nearly  with  the  Shaker  village  above  alluded 
to)  and  at  Egremont,  on  the  west  slope,  about  S.  50°  R ;  a 
little  south  of  the  latter,  on  Lenox  mountain,  near  the  road  fiDm 
Richmond  to  Lenox,  S.  38°  E.  Scratche^s  observed  by  the  wri- 
ter on  Mt  Everett  trended  S.  27°  E. 

Again  Dr.  IT.  obtained  for  the  course  in  middle  Granville,  20 
miles  west  of  the  Connecticut,  S.  38°  E. ;  between  Otis  and 
Bceket,  30  miles  west  of  the  Connecticut,  and  farther  north  in 
Windsor,  about  S.E.  For  eastern  Massachusetts  (that  is,  the 
part  of  the  State  east  of  the  Connecticut),  Dr.  Hitchcock  give? 
as  the  average  direction  S.  24°  E.  He  obtained  in  Rovalston, 
nearly  20  miles  west  of  the  Connecticut,  S.  18°  E.  to  S.  88°  E. 
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On  the  higher  land  of  Vermont,  away  mostly  from  river 
valleys,  the  course  of  the  scratches,  according  to  the  Vermont 
Geological  Report,  is  for  the  most  part  between  S.  35°  E.  and 
S.  55°  E.  In  southern  Vermont,  on  the  higher  land  of  Wind- 
ham, 15  miles  west  of  the  Connecticut,  S.  40°  E. ;  in  Wilming- 
ton, S.  29°  E  and  S.  39°  E.  (intersecting) :  in  central  Ver- 
mont, in  West  Hancock,  S.  50°  E. ;  in  Ripton,  S.  60°  E.  In 
flie  northern  half  of  the  State,  on  Camel  s  Hump,  4088  feet 
above  the  sea,  S.  55°  E. ;  on  Mt  Mansfield,  4480  feet  high, 
S.  55°  E. ;  on  Jay's  Peak,  north  of  the  latter,  S.  50°  E. ;  in 
Stowe,  in  the  valley  east  of  Mt  Mansfield,  S.  35°  E.  Judging 
fipom  the  map  in  the  Vermont  Geological  Report,  which  gives 
some  observations  not  registered  in  the  text,  the  average  course 
on  the  higher  lauds  awav  from  the  valleys  is  about  S.  50°  K ; 
Bmd  the  same  is  not  fer  n'om  the  course  for  the  higher  lands  of 
New  Hampshire,  according  to  Prof  C.  H.  Hitchcock's  map. 

The  facts  show  plainly  that  on  the  higher  lands,  both  east 
EUid  west  of  the  Connecticut,  and  even  over  the  elevated  ridges 
of  the  Green  Mountain  range  through  Vermont,  Massachusetts 
nod  Connecticut,  and  also  west  of  tnis  range  over  the  eastern 
borders  of  New  York,  the  great  continental  glacier  had  a  south- 
9astward  course ;  in  the  latitude  of  Connecticut,  about  S.  25°  E., 
Mid  to  the  northward,  &  35°  R  to  S.  55°  E.  With  such  a 
course  the  glacier  moved  over  the  elevated  lands  on  the  west  of 
the  Connecticut  river  and  the  elevated  lands  to  the  east  of  that 
river,  keeping  onward,  with  little  variation  in  its  main  move- 
ment notwithstanding  the  ridges  in  its  course,  and  following  no 
loubt  the  general  slope  of  the  surface  of  New  England 

But  this  being  true  of  the  movement  of  its  main  mass,  other 
facts  show  that  tne  bottom  ice  of  the  great  glacier  followed  often 
bhe  courses  of  the  valleys  beneath  it 

1.  First  as  to  the  Qmnecticut  river  valley  ice.  This  valley,  or 
;reat  north  and  south  depression  of  New  England,  has  its  ter- 
tnination,  as  I  have  elsewhere  observed,  at  New  Haven,  the 
[!onnecticut  river  channel  leaving  the  valley  at  Middletown, 
Oonn.,  and  taking  thence  a  southeastward  course  to  the  Sound, 
[n  the  following  table,  the  courses  of  glacial  scratches  along  the 
ralley  are  given  for  comparison  with  the  course  of  the  valley, 
[t  commences  with  localities  at  the  south. 


1.  GonrxoncuT. 
S.  of  New  Hayen  bay, 
TorthoTKeriden, 
^•w  Britain, 

€L  Garmel,  7  m.  K.  of  N.  H. 
flMbwortli^B  mountain, 

COOTMS. 

a  10M6»  W.  many 

a 

S.  16»  W. 
8.  30°  W. 
SoathwoBterly 

Sonth  nearly 

South      " 

South,  S.  a  few  degrees 

Obserren. 
J.  D.  D. 
J.  D.  D. 
PerdvaL 
W.  B.  Dwighi 
Kather. 

trmby,  7  m.  E.  of  Oonn.  R. 
€t  Tom, 
IL  HoljToke, 

ELffitdioodc. 
W.         " 
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MAMAOHTrtVm. 

Sandorland,  E.  nde  of  Conn.  B. 
Deerfiold,  S.E.  part, 
Montague,  E.  side  of  Conn.  R. 
Greenfield,  W.        "  ** 

Northfleld,  E.  " 

8.  VxBiioirT. 
Yemen,  for  2  m.  W.  side  of  Conn.  R. 
Guilford,  5  m.  W.  of  Conn.  R. 
Brattleboroyfor  a  great  distance  along  C.R. 
Dummerston,  near  Conn.  R. 
Putney, 
Rockingham, 

Norwich,  2  m.  W.  of  village, 
Norwich, 

Thetford,  W.  part  of  town, 
East  Fairlee, 
Bradford, 


t< 
II 


South  nearly 
South 
South 
South 
South      ** 

& 

S.  8"  E.-S.  13'  B. 

a  and  a  S*"  B. 

a 

a  5M2'  w. 

a  to  a  2"  w. 

a 

a  IS*"  E.  and  S.  39**  B. 

a  9"  B. 

ae'B 

a  19'*-30'  E. 

aso^'K 

a  l2'-30'  B. 

a  S'^Bmany;  alsoaS'^K 


B.  Hitchoo^ 


11 

u 

41 
U 


CRHitdM^l 
a  6.  Adams. 
G.  B.  A. 
aH.H. 
C.  B.A. 
CRH. 
G.  H.H. 

G.  H.H. 
C.H.H. 
G.  H*  H. 
O.  B.A. 
G.B.A. 


Newbury, 

Waterford  and  Bamet, 

In  New  Hampsliire,  the  courses  of  scratcheSi  as  represented 
on  the  map  of  the  State  by  C.  H.  Hitchcock,  referred  to  above, 
correspond  very  nearly  with  those  of  Vermont  According  to 
it,  scratches  trending  loest  of  south  occur  in  the  river  towns 
Chesterfield,  Walpole,  Hanover,  Oxford,  Haverhill,  and  still 
farther  north,  along  the  Passumpsic,  in  Monroe  and  towns  ad- 
joining it  on  the  east  * 

Now  the  average  course  of  the  whole  Connecticut  river  valley 
and  of  the  Passumpsic  valley,  its  true  continuation  northward, 
is  about  S.  9°  W.  But  its  different  parts  varyfrom  this :  that 
north  of  Massachusetts  trending  about  S.  12®  W. ;  that  in  Mas- 
sachusetts, S.  6°  W.,  but  varying  in  the  southern  part  to  & 
nearly;  that  in  Connecticut  from  the  Massachusetts  line  to 
Hartford,  S.  3°  W. ;  that  from  Hartford  to  New  Haven,  S.  18' 
W. ;  and  the  whole  average  for  Connecticut,  S.  15°  W. 

The  table  shows  that  the  courses  along  the  valley  from  New 
Haven  to  White  Eiver  Junction  or  Norwich,  Vt,  are  between 
S.  16°  W.  and  S.  9°  E.,  instead  of  between  S.  80°  K  and 
S.  50°  E.,  like  the  scratches  over  the  higher  lands ;  and  that, 
therefore,  the  average  difference  between  the  general  course  of 
the  glacier  and  its  course  along  the  Connecticut  valley  is  over 
30°,  that  is,  in  the  valley  there  are  upward  of  thirty  degrees 
more  of  westing. 

In  Connecticut,  in  which  the  average  course  of  the  valley  is 
S.  15°  W.,  the  common  course  of  the  scratches  is  S.  16°-16°'W. 

In  Massachusetts,  in  which  the  valley  trends  S.  to  S.  6°  W., 
the  scratches  trend  a  few  degrees  west  of  south  on  Mts.  Hoi- 
yoke  and  Tom,  or  in  part  at  least,  as  stated  by  Hitchcock :  and 
as  these  are  much  the  highest  points  in  this  part  of  the  valley 
(their  tops  1126  and  1211  feet  above  the  sea  level),  they  aflforS 
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consequently  the  best  evidence  of  the  average  direction  of  the 
Enovement  in  that  region. 

In  Vermont,  where  the  course  of  the  valley  for  the  more 
gouthem  half  is  S.  12°  W.,  the  scratches  trend  S.  to  S.  IS""  E. 
But  north  of  White  River  Junction  the  course  of  the  scratches 
varies  between  S.  and  S.  30*^  E.,  yet  many  scratches  at  the 
Gulhest  point,  near  the  mouth  of  the  Passumpsic,  are  S.  5°  E. 
to  S.  8°  E. 

In  the  part  of  the  Connecticut  valley  south  of  Vermont  the 
scratches  conform  closely  in  direction  to  the  trend  of  the  valley, 
Euid  are  the  only  scratches ;  while  to  the  north  there  is  a  general 
southerly  course  in  the  scratches  of  the  Connecticut  river  valley, 
yet  at  the  same  time  about  16°  less  of  westing  than  in  the  aver- 
age trend  of  this  part  of  the  river.  Moreover,  in  this  upper  part 
01  the  valley  there  are  often,  besides  the  valley  set  of  scratcnes, 
another  set  having  the  southeasterly  course  oi  the  great  glacier. 

The  width  of  the  region  bearing  the  north-and-south  scratches 
of  the  valley  is  generdly  twenty  to  thirty  miles,  but  sometimes 
more.  Going  east  or  west  of  this  there  is  a  change  more  or  less 
gradual  to  the  course  of  the  great  glacier,  and  often  also  other 
scratches  conforming  to  its  course  occur.  In  Massachusetts,  in 
Heath,  16  miles  west  of  the  Connecticut,  the  course  of  the 
scratches  given  by  Hitchcock  is  south  with  some  westing,  and 
the  same  on  Mt  rocomptuck  in  this  town,  1888  feet  high;  and 
in  Rowe,  20  miles  west  of  the  river,  the  course  is  S.  2°  W.  In 
southern  Vermont,  in  Halifax,  west  of  Vernon,  and  10  miles 
west  of  the  Connecticut,  the  directions  riven  by  Hitchcock  are 
mostly  S.  12°  W. ;  but  also,  \nWest  Halifax,  16  miles  fix)m  the 
Connecticut  river,  S.  53°  E. ;  in  Marlboro,  north  of  Halifax, 
S.  20°  R  on  high  land;  and  also,  at  another  locality,  two 
courses,  S.  7°  W.  and  S.  53°  E.,  intersecting. 

The  facts  show  beyond  question  that  the  abrading  agent  of  the 
Connecticut  valley  moved  mainly  in  the  direction  of  the  valley.  The 
less  degree  of  conformity  of  direction  between  the  scratches  and 
the  valley  in  its  upper  portion  is  what  should  be  expected ;  and 
so  also  tne  intersecting  southeasterly  scratches  of  this  portion, 
and  also  of  the  region  on  either  side  of  it  a  little  distant  from 
the  river. 

2.  Upper  Champlain  Valley.  The  main  part  of  Lake  Cham- 
plain  is  the  region  of  a  vast  plain — though  a  plain  of  water — 
and  little  or  no  conformity  to  its  direction  in  the  course  of  the 
scratches  on  its  borders  could  be  expected.  At  Burlington  the 
courses  are  S.  19°  E.  to  S.  31°  E. ;  m  Shelburne,  south  of  Bur- 
lington, S.  17°  E.  to  S.  29°  E. ;  which  courses  show  apparently 
that  some  diverting  effect  was  produced  by  the  main  ridge  of 
bhe  Green  Mountains.  But  the  southern  prolongation  of  the 
lake  from  Addison,  and  even  from  I^^erris,  southwtml  to  White- 
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hall,  a  distance  of  40  to  50  miles,  is  very  narrow,  and  occupies 
a  proper  valley,  and  liere  the  scratches  are  parallel  mostly  to 
the  trend  of  the  lake — which  trend  is  nearly  north  and  south, 
excepting  for  the  southern  part,  where  it  is  about  16°  uw/of 
south  (S.  16°  W.).  Along  tnis  more  southern  portion,  in  Ben- 
son, the  course  of  the  scratches,  according  to  the  Vermont  Re- 
{)ort,  is  S.  8°  E.,  S.  12°  W.,  S.  15°  W. ;  and  in  Orwell,  just 
north.  S.  8°  E.,  S.  12°  W.  Farther  north,  in  Bridport,  the 
course  is  S.  20°  W. ;  in  Addison,  S.  17°  W.  and  S.  18°  E. ;  at 
Larmbee's  Point,  S.  4°-12°  E. ;  at  Crown  Point  in  New  York, 
opposite  to  Brid{>ort,  S.  2°  E.  on  the  west  side,  and  &  27°  E 
on  the  east  In  Putnam,  N.  Y.,  west  of  Benson,  according  to 
Mather,  S.  10°-15°  W.  The  conformity  of  the  course  of  the 
scratches  to  the  trend  of  the  valley  in  its  southern  half  is  veiy 
ckx'^c :  in  its  more  northern  part,  where,  opposite  Addison  and 
Wvond,  the  lake  is  over  two  miles  wide,  scratches  both  of  the 
valley  course  and  of  the  general  course  of  the  glacier  occur 
togotlier.  The  divergence  m  all,  from  the  S.  40^-55**  E.  of  the 
higher  lands  of  the  State,  is  very  wide. 

8.  lAimoilJe  River  Valley  and  Winooshi  River  Valley.  These 
rivers,  in  the  northern  half  of  Vermont,  rise  in  the  eastern  part 
of  the  State  and  pass  through  the  Green  Mountains,  the  former 
north  of  Mt  Mansfield,  the  latter  just  north  of  Camel's  Hump; 
in  the  case  ol*  each,  the  bottom  of  the  valley  where  the  river 
>assos  the  line  of  these  mountains  is  not  far  from  4000  feet 
H^low  their  suinmit{5.  The  course  of  each  is  about  N.  15°- 
20^^  W.  and  w^.  lo°~20°  E 

Along  each  oi  these  vallej-s,  the  glacial  scratches  are  closely 
jvnnillol  to  its  main  trend,  as  shown  and  recognized  by  the  Ver- 
nioftt  i^H^losrists.  It  is  strikinsrlv  exhibited  on  a  map  of  the 
Stato  aooonipanying  the  rtnx^rt  On  the  Lamoille  there  are  the 
ooui-sos  S,  w'"*  K.  to  S.  So  E :  on  the  Winooski,  the  courses 
S.  tk*"^  K..  S.  SO""  E..  and  even  east-and-west  in  one  case. 

4.  (Vc'cT  0\rk  VulUy.  Otter  Creek  fl»>ws  northward  along 
the  irrt\U  vallov  in  the  st>uthern  half  of  Vermont,  just  west  of 
the  ;>xis  of  tb.e  GnM?n  Mountains,  passing  by  Kutland,  Bran- 
don. Salisbury,  towanl  the  southern  end  of  the  broader  part  of 
l-iiko  Clui:n]^!ain.  Its  goneni!  course  is  aK^ut  X.  15°-20°  W. 
and  S.  lo  -•JO^  K.  The  irl;K*ia!  s<*nuohes  in  the  vallev  have  the 
ivursos  S,.  S.  V2-'  R,  S.  lo"  K..  S.  20'^  E. 

Tv  M  — '"  V  \*  l\  '  ■  ■•  T' : ' '  •  Xo'.v  H  :•  mpshireV  The  con  form  - 
itv  :\^'\voo"  : -.0  v':^*:r<os  o:'  :..r'  sorj.viies  a^^p.ir  this  vallev  alKn-e 
Low?^*!  ;\".  1  i:s  :r»:^v.  I  i<  wo*.  sV.O'w::  o:i  tho  map  of  New  Hamp- 
sV.i-\*  Vv  Trv^:".  0.  11.  lli:o''.o«\  k.  The  averaire  trend  of  the 
\":\!'ov  :>  'vi:  ;^,  /::'o  o.;st  x"  >•"•.;:'::.  ::v.  i  :':ie  scime  is  true  of  the 
scn'To'.os. 

We  havo  thus  ev:  Ic:^.*;^  vV'  :V.-;  ox-s:or.-V  durincr  some  part  of 
era  o:'  ivv  v.o:  o::* v  v^:*  a  c'^oicr  :r.oveniei::  in  ^ew  England 
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ong  the  Connecticut  river  valley,  but  also  of  one  along  the 
pper  Champlain  valley,  the  Lamoille  valley,  the  Winooski 
iuey,  the  Otter  creek  valley,  and  probably  the  Merrimack 
sdley ;  and  many  of  the  courses  of  scratches  observed  in  other 
irts  of  Vermont  and  New  Hampshire  have  divergences  irom 
le  normal  course  of  the  great  glacier,  which  are  probably  due 
>  the  valley -depressions  of  the  surface.  Among  these  smaller 
dleys  are  perhaps  those  of  the  Queechee,  Black,  Middlebury 
id  W  hite  rivers  of  Vermont  and  the  Deerfield  of  Massachu- 
jtts;  for  the  existence  of  an  independent  glacier  in  each  of 
lese  valleys  is  recognized  as  probable  by  Prof.  Hitchcock,  on 
16  ground  of  the  conformity  between  the  direction  of  the 
cratches  and  the  valley,  although  the  iceberg  theory  is  adopted 
Y  him  for  all  the  rest,  even  the  Lamoille,  Winooski  and  Con- 
scticut  The  writer  has  elsewhere  mentioned  the  evidence  in 
ivor  of  a  Hudson  river  glacier  movement,  and  of  another  in 
16  Mohawk  valley  running  easterly  through  central  New  York ; 
id  further,  of  one  along  the  St  Lawrence  valley,  the  scratches 
I  it  following  its  course  according  to  the  observations  of  Dr. 
>awson. 

The  facts  are  sufficient  to  prove  that  examples  of  valley 
lovements  of  glacier  ice  must  have  been  common  over  the 
>ntinent  in  the  Glacial  era,  or  rather  the  rule  for  all  the  larger 
alleys.  It  is  hence  evident  that  no  observations  on  glaciers 
■6  complete  which  do  not  take  into  account  the  surfece  features 
r  the  country.  Prof  Hitchcock  recognized  the  deflecting  in- 
aence  of  the  Connecticut  and  Lamoille  valleys ;  but  the  de- 
ection,  in  his  view,  was  that  of  icebergs.  Besides  the  argu- 
tent  against  the  iceberg  hypothesis  elsewhere  presented.  New 
ngland  affords  another  in  the  fact  that  if  there  were,  at  the 
me,  a  submergence  to  ;the  depth  required  to  overcome  the 
t)stacles  to  a  southeast  movement  offered  by  the  southerly 
end  of  the  mountains,  there  would  still  have  been  no  south- 
isterly  flow  of  waters  over  its  surface,  since  no  currents  having 
lis  course  exist  in  the  adjoining  seas.  And  further,  the  neces- 
ty  of  helping  out  the  iceberg  theory  by  bringing  in  glaciers  for 
>me  of  the  smaller  valleys,  because  icebergs  could  not  be  sup- 
Dsed  to  have  worked  their  way  along  them  to  do  the  scratching, 
fords  another  strong  argument  agamst  it 

The  question  now  comes  up,  whether  the  scratches  in  the 
dleys  were  made  in  the  Glacial  era  while  the  glacier  was  of 
iiite  or  nearly  its  maximum  thickness,  or  during  the  decline 
r  the  glacier,  when  its  thickness  was  so  diminished  as  to  make 
le  ice  of  the  valleys  essentially  independent  glaciers. 

With  regsud  to  the  Connecticut  valley  ice,  the  following  evi- 
3nce  appears  to  show  that  the  movement  took  place  while  the 
mtinentsd  glacier  still  had  its  continental,  or  at  least  its  New 
ngland,  movement     a.  In  Massachusetts  and  Connecticut  the 
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only  scratches  in  the  valley  are  those  trending  south  or  west  of 
south,  and  they  are  often  very  deep ;  even  the  tops  of  Mt  Tom 
and  Mt  Holyoke  have  only  these  scratches.  This  unifonnity 
seems  to  prove  that  the  direction  of  movement  thereby  indicatei 
charactenzed  the  ice  of  this  part  of  the  valley  through  the  whok 
of  the  Ola/nal  period, 

b.  Again,  if  a  local  glacier  occupied  the  valley  having  a  thick- 
ness of  say  one,  two,  or  three  thousand  feet,  or  such  as  would 
lie  below  the  level  of  the  Green  Mountain  summits,  the  glacier 
would  have  had  through  its  breadth  a  nearly  southerly  course 
corresponding  to  the  trend  of  the  valley,  and  in  that  case  south- 
erly scratches  should  have  existed  over  the  whole  surface,  even 
localities  remote  fix)m  the  Connecticut  river — where  they  an 
not  found. 

In  another  place  I  have  supposed  that  the  southeasterly 
course  which  occurs  in  the  scratches  to  the  west  of  the  Connec- 
ticut river  might  have  been  a  resultant  between  the  tendcDcy 
to  a  southerly  movement  down  the  valley,  and  that  down  the 
slope  into  the  valley.  But  this  was  so  only  to  a  very  small 
degree.  For  the  ice,  after  passing  over  the  valley,  resumed  on 
the  east  its  southeastward  scratchmg. 

c.  In  the  part  of  the  Connecticut  valley  north  of  Massachu- 
setts, the  course  of  the  scratches  is  not  that  of  the  valley,  but 
diflfers  10°  to  15°  from  it  to  the  eastward.  This  greater  easting 
shows  that  the  southerly  movement  of  the  ice  induced  by  the 
valley  was  modified  by  some  force  pressing  it  eastward,  and 
this  force  could  only  have  been  that  due  to  the  movement  of 
the  general  glacier.  Hence  it  proves  that  the  general  glacier 
existed  at  the  time  in  nearly  or  nuite  its  full  forca 

We  may  conclude,  therefore,  that  the  valley  ice  of  the  Con- 
necticut had  through  its  southern  half  (across  Massachusetts  and 
Connecticut)  its  own  independent  southward  motion,  mostly 
unmodified,  during  the  whole  progress  of  the  Glacial  era.  But 
along  the  more  northern  part  of  the  valley,  there  were  the 
modifications  in  the  valley  movement  just  pomted  out,  and  also 
scratches  made  by  the  general  glacier.  If  the  southeasterly 
scratches  (those  of  the  general  glacier)  should  be  found  to  be 
the  older  of  the  two  seis^  we  should  infer  that  when  they  were 
made  the  general  glacier  was  then  the  thickest;  but  the  fact; 
would  not  prove  that  the  thickness  had  been  so  far  diminish^! 
as  to  leave  the  Connecticut  valley  glacier  wholly  an  indej>end- 
ent  one.  Prof.  Hitchcock  has  stateil  as  his  belief  that  the  south- 
westerly scratches  were  the  oldest,  but  admits  that  there  is 
much  doubt  with  reirard  to  it. 

Tliis  movement  of  the  bottom  of  a  glacier  six  or  eight  thou- 
sand foot  thick  along  a  difierent  course  from  its  main  mass 
wherever  it  lies  in  great  valleys,  is  a  necessary  result  of  me- 
chanical law.     It  moves  just  as  thick  pitch  poured  over  a  slop- 
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:  surface  in  which  there  are  a  few  large  groovings  would 
ve,  the  mass  following  the  general  surface,  and  the  portions 
the  grooves  nearly  or  quite  the  course  of  the  grooves.  The 
ckness  of  the  ice  that  followed  the  course  of  the  valley  was  at 
3t  2000  feet ;  for  the  southerly  scratches  occur  not  only  on 
summits  of  Mt  Tom  and  Mt  Holyoke,  but  also  on  the  top 
&f  t  Pocomptuck  in  Heath,  15  miles  west  of  the  Connecticut, 
I  height  of  which,  as  stated,  is  1888  feet 
A.S  to  the  Lamoille,  Winooski  and  Otter  creek  valleys,  the 
e  is  somewhat  different ;  for  if  the  movement  of  the  ice  in 
valleys  took  place  when  the  great  glacier  was  in  full  force, 
vas  a  movement  in  each  up  the  valley.  The  valleys  are,  how- 
jr,  of  gradual  slope^that  of  Otter  creek  extremely  gradual — 
i  facts  show  that  the  ice  is  often  moved  up  slopes  many  hun- 
jds  of  feet  Dr.  A.  S.  Packard,  Jr.,  mentions  the  occurrence 
fossils  in  the  drift  on  Mt  Katahdin  (Maine)  at  a  height  of 
)0  feet  above  the  sea,  which  must  have  been  brought  from 
I  low  country  to  the  north  where  such  fossils  are  found  in 
ce.  As  Dr.  Packard  observes,  such  facts  show  that  icebergs 
re  not  the  transporting  agents. 

[t  is,  however,  possible  that  each  of  these  three  valleys  had 
independent  glacier  during  the  melting  of  the  ice.  ^ut  if 
the  great  glacier  must  have  been  removed  wholly  out  of  the 
y  of  the  valley  glacier,  so  as  to  be  no  impediment  to  its 
•vement  down  the  valley ;  and  it  seems  probable,  from  the 
all  extent  of  these  valleys,  that  by  the  time  the  general 
cier  had  got  out  of  the  way,  the  valley  ice  would  also  have 
«tly  disapoeared.  It  is  quite  probable  that  a  careful  study 
the  scratches  along  one  or  another  of  these  valleys  may 
;ide  this  interesting  question. 

[t  seems  to  be  a  natural  consequence  of  a  gradual  melting  of 
}  great  glacier,  that  sooner  or  later  parts  of  the  ice  should 
re  become  independent  and  taken  independent  movements. 
e  should  naturally  look  for  this  inaependence  at  least 
the  large  valley  of  the  Connecticut  river.  A  thinning 
the  ice  to  2000  feet  would  necessitate,  it  would  seem,  a  valley 
•vement  southward.  And  yet,  as  has  been  observed,  the 
dences  of  such  a  glacier  movement  do  not  exist — that  is,  the 
atches  are  confined  to  so  narrow  a  band  along  the  center  of 
J  Connecticut  valley  as  to  show  that  they  were  not  made  by 
independent  Connecticut  valley  glacier.  How  then  can  we 
oncile  the  fact  that  the  ice  must  have  thinned  down  to  2000 
t,  1000  feet,  and  so  on,  and  yet  had  no  movement  as  a  sepa- 
e  glacier?  The  explanation  is  this : — The  melting  of  the  ice 
>k  place  in  the  early  part  of  the  Champlain  era — an  era  of 
)siaence  for  New  England  and  a  large  part  of  the  continent 
;d  therefore  favorable  to  the  melting) ;  and  this  subsidence 
8  greatest  in  New  England  to  the  north,  having  been  at  least 
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825  feet  in  the  latitude  of  BurliDgton ;  nearly  160  feet  near  the 
northern  boundary  of  Massachusetts,  one  hundred  miles  from 
the  termination  of  the  valley  (the  highest  terrace  on  the  rivor 
in  Hinsdale,  New  Hampshire,  being  159  feet  above  the  river, 
according  to  the  Vermont  Report) ;  and  45  to  60  feet  at  New 
Haven,  the  southern  end  of  the  Connecticut  valley.  Such  a 
subsidence  would  have  diminished  the  average  slope  of  the 
whole  valley  about  one-and-a-half  feet  a  mile.  For  the  southern 
half,  from  northern  Massachusetts  to  Long  Island  Sound — 100 
miles — the  slope,  which  now  averages  two  feet  a  mile,  would 
have  been  reduced  to  one-and-one-tent/i  of  a  foot  a  mile ;  and 
firom  Springfield  down,  which  is  60  miles  from  the  Sound,  and 
the  height  of  the  water  level  only  64  feet  above  the  Sound, 
making  the  average  slope  below  about  one  foot  a  mile,  and 
where  the  Champlain  subsidence  was  at  least  60  feet  more  than 
at  New  Haven  on  the  Sound,  there  would  have  been  no  appre- 
ciable slope  in  the  waters;  the  basin,  as  it  is  designated  by 
Hitchcock,  from  Middletown  in  Connecticut  to  Holyoke  in 
Massachusetts,  would  have  been  strictly  a  basin.*  Uuder  such 
circumstances  the  ice  along  the  valley  would  have  lost  all  mo- 
tion. The  same  condition  of  rest  would  have  belonged  to  the 
ice  of  other  north -and-south  valleys  of  as  small  rate  of  descent; 
but  not  necessarily  to  east-and-west  valleys  like  the  Lamoille 
and  WinooskL 

High  up  even  the  north-and-south  valleys,  where  the  slopes 
were  not  sensibly  changed  by  such  a  subsidence,  local  glaciers 
might  well  have  existed.  Evidences  of  them  in  the  region  of  the 
White  Mountains  have  been  pointed  out  by  Dr.  A.  S.  Packard, 
in  an  excellent  memoir  on  the  Glacial  Phenomena  of  Labrador 
and  Maine  (94  pp.  4to),  published  in  Volume  I  of  the  Memoirs  of 
the  Boston  Society  of  Natural  History  (1867) ;  also  by  Professor 
Agassiz,  in  the  American  Naturalist  for  November,  1870,  who 
states  that  he  observed  the  marks  of  local  glaciers  in  the  White 
Mountain  region  in  the  year  1847,  soon  after  his  arrival  in  this 
country. 

In  the  foregoing  pages  the  facts  from  the  State  of  Maine  have 
not  been  referred  to.  These  are  well  discussed  by  Dr.  Packard 
in  the  memoir  just  referred  to,  in  which  he  recognizes  and  ap- 
plies the  principle  discussed  in  this  and  the  writer  s  former  pa- 
pers on  the  valley  glaciers.     He  observes  that  of  the  eighty 

*  In  order  to  deduce  the  amount  of  subsidence  for  any  place  on  the  river  from 
the  heijrht  of  the  hij^hest  terrace  above  the  ordinary  level  of  the  river,  it  is  neoes- 
eary  to  deduct  first  tlie  height  of  the  lower  flats.  This  would  give  for  the  amount 
at  Hin.sdale  138  feet  which  is  88  to  93  greater  than  at  New  Haven;  and  for  the 
amount  at  Springfield,  where  the  highest  terrace  is  136  feet,  it  would  give  115  feet, 
or  65  to  70  feet  greater  than  at  Now  Haven.  Such  calculations  may  l>e  in  error,  aod 
generally  will  give  less  than  the  actual  amount,  because  the  height  of  the  terrace 
depends  on  the  amount  of  eaxavaiion  that  has  taken  place  since  the  land  reached 
its  present  level;  and  this  is  in  most  cases  less  than  the  amount  of  elevation. 
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lities  of  scratches  that  have  been  noted  in  Maine,  the 
tches  in  sixty-two  have  a  southeasterly  course:  that  the 
:heasterl J  course  of  the  glacial  grooves  and  striae  is  espe- 
[y  marked  in  the  interior  of  the  State  on  the  high  lands  and 
mountains ;  but,  approaching  the  coast,  the  evidence  shows 
.  the  glaciers  moved  down  the  river  valleys,  and  thus  assumed 
lore  north-and-south  course,  and  at  times,  owing  to  local 
ds  in  the  depressions,  were  even  deflected  so  as  to  flow  in  a 
ction  a  few  aegrees  west  of  south.  The  facts  in  Maine  are 
such  as  are  general  to  New  England, 
he  same  principle  is  recognized  by  Prof  N.  S.  Shaler  in  the 
cee^in^  of  the  Boston  Society  of  Natural  Historjr,  for  1870. 
er  similar  fects  have  been  recently  pointed  out  m  States  to 
west  of  New  England.  When  the  applications  of  the  prin- 
B  are  studied  out  over  the  whole  continent,  we  shall  under- 
d  better  than  we  now  do  the  sources  of  the  varied  move- 
te  in  the  great  glacier. 


\  XXXin. — The  Paragenesis  and  Derivation  of  Copper  and 
is  associates  on  LaJce  Superior  ;  by  Kaphabl  Pumpelly. 

IL  Paragenesis  of  the  Minerals  associated  with  Copper, 

o.  1.  Capen  Vein. — This  is  apparently  a  true  fissure  vein, 
xjurs  in  a  compact  and  very  tough  melaphvr,  which  is 
ledingly  chloritic  near  the  vein.  All  the  joints  within  a 
ince  01  several  yards  from  the  vein  are  covered  with  a  coat- 
tV  to  i  i^^ch  thick,  of  dark-green  and  bluish-green  chlorite, 
ng  a  combined  fibrous  and  roliated  structure  oblique  to  the 
;  surfacea  The  melaphyr  is  rich  in  magnetite.  Sheet  cop- 
was  found  in  mining,  out  not  in  paying  quantity. 

Launumtite^  in  thin  seama 

Prehnite,  in  seams  which  cut  through  those  of  laumontite , 
between  symmetrically  arranged  bands  of  laumontite. 

Chlorite,  as  destroyer  and  replacer  of  prehnite,  and  as 
tg  of  cavities  in  the  latter. 

Analcite,  in  clear  crystals  on  the  prehnite  and  chlorite. 

Calciie, 
o.   2.   Huron  Mine. — 1.   Laumontite^  in  thin  crystalline 
Is  on  the  sides  of  a  cavity ;  the  free  ends  of  the  opposed 
bals  nearly  meet 

Prehnite,  filling  the  space  between  the  bands  of  laumontita 
0.  8.*  Copper  FALiyS  Mine. — ^Fissure  vein.     1.  (?)  Natro- 

2.  Laumontite.     8.  Analcite. 
0.4*  Same  VEIN. — 1.  Apophyllite.   2.  Copper.   8.  Orthoclase. 

Ekken  from  a  list  given  by  Hilary  Bauennan,  Quart  Joum.  QeoL  Sode^, 
1866. 
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No.   5.*  Bay  State  Mine. — 1.   Prehnite,     2.    Quartz.    8. 

Copper,     4.  (?)  Laumontite. 

No.  6.*  Phcenix  Mine. — Piflsure  vein.  1.  Laumontiie.  % 
Quartz,     3.  '' Green- Earth,'' 

No.  7.*  Bay  State  Mine. — Pissiire  vein.  1.  Quartz.  % 
ApophyUitt.     8.    Cahite, 

No.  8.*  Bohemian  Mine. — 1.  Analdte.  2.  Oopper.  3. 
Orthocluse, 

No.  9.  Amygdaloid  Mine. — Fissure  vein.  1.  Prehntte^  in 
its  characteristic  reniform  shapa 

2.  Quartz^  in  small  crystals  on  the  prehnite. 

3.  Analcite  crystals,  covering  the  (juartz. 

4.  Orthoclase  crystals,  on  the  analcite  and  quartz. 

No.  10.  Bay  State  Mine. — Fissure  vein.  On  the  soft 
brown  gangue.  1.  Analcite^  lining  part  of  a  vugg.  The  crys- 
tals are  \  inch  in  diameter,  often  white  and  transparent,  but 
very  much  fractured.  Near  the  contact  with  the  rock  they  are 
often  reddened  internally  and  much  altered,  and  then  sur- 
mounted by  the  next  member. 

2.  Orthoclase,  in  the  usual  minute  crystals,  some  of  which  are 
scattered  over  the  altered  analcites. 

No.  11.  Amygdaloid  Mine. — Fissure  vein.  1.  Prehniis,  in 
the  characteristic  reniform  shape,  forming  the  bodv  of  the  spe- 
cimen ;  fresh-looking  on  the  free  surface,  but  on  the  under  bro- 
ken side  somewhat  porous,  with  earthy  fracture,  and  then 
rather  intimately  associated  with  datolite  and  a  soft  green 
(chloritic  ?)  mineral. 

2.  Copper,  in  films  traversing  the  prehnite,  and  molded  to  the 
reniform  surface.  While  the  under  surface  of  the  copper  bears 
the  impression  of  the  prehnite,  the  upper  surface,  now  free, 
bears  that  of  some  mmeral  that  is  gone ;  threads  of  copper 
rising  from  this  free  surface  i  inch  are  crystallized  at  the  tips, 
where  they  stood  above  the  mineral  that  has  disappeared 

3.  Minute  grains  of  a  hard  yellowish-white  mineral,  sprin- 
kled like  meal  over  the  prehnite  and  copper ;  under  the  micro- 
scope appear  to  consist  of  sheaf-like  clusters  of  minute  rhom- 
boidal  plates ;  fuses  with  difficulty. 

4.  Datoliie,  in  microscopic  crystals  on  No.  3 ;  others,  one  line 
in  diameter,  rosy,  with  suspended  flakes  of  copper,  lie  upon  the 
prehnite. 

No.  12.  Amygdaloid  Mine. — (Fissure  vein.)  On  the 
gangue — here  chloritic — lie,  1.  Galcite,  imbedded  between  the 
ganguo  and  No.  2. 

2.  Prehnite,  forming  the  greater  part  of  the  specimen,  and 
having  a  tolerably  fresh  luster. 

3.  Copper,  in  grains,  flakes  and  threads  conforming  to  the 
radiating  cleavage  planes  of  the  prehnite. 
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4.  Datolite;  compact  amorphous,  white  translucent  mass, 
covering  the  prehnite  with  a  layer  of  which  J  inch  thickness, 
still  remains.     The  copper  threads  do  not  penetrate  it 

No.  13.  Pew  ABIC  Copper-bearing  bed. — ^This  specimen — 
about  2i  inches  by  3^  by  j — is  evidently  from  the  interior  of  a 
druse,  to  whose  wall  it  was  attached  by  only  a  small  part  of  its 
surface.  The  body  of  the  specimen  is  copper,  veiy  cavernous, 
much  of  it  pseudomorphous  after  laumontite.  The  copper  is 
very  thickly  bestrewn  with  small  green  crystals  of  quartz — 
prisms  terminated  at  both  ends, — which  are  however  older  than 
the  copper.  On  the  sides  and  around  the  edges  of  the  speci- 
men there  are  beautifully  modified  scalenohedrons  of  caicite. 
The  successions  are : 

1.  The  rock  or  mineral  to  which  the  laumontite  was  originally 
attached,  and  which  has  disappeared. 

2.  Laumontite  or  leonharaite ;   has  also  disappeared ;   the 

Srisms  were  |  to  ^  inch  long,  terminated  at  one  ena  with  a  hemi- 
ome. 

8.  A  mineral,  now  gone,  which  must  have  been  present  to 
support  the  quartz  crystals  (see  Quartz).  It  may  perhaps  have 
been  the  alteration-product  of  the  laumontite  or  an  enclosing 
mineral ;  laumontite  crystals  occur  frequently  enveloped,  except 
the  base,  in  caicite. 

4.  QvartZy  in  prisms  j\  to  i  inch  long,  often  terminated  at 
both  ends.  Thev  occur  on  parts  of  nearly  every  one  of  the 
pseudomorphs  after  laumontite ;  the  copper  is  moulded  to  them, 
giving  casts  even  of  the  striae  on  the  prisms,  and  they  fre- 
<^uentiy  pass  entirely  through  the  pseudomorphs  aft«r  laumon- 
tite, so  that  the  two  ends  of  a  quartz  prism  frequently  just 
appear  on  opposite  sides  of  the  pseudomorph  and  transmit  light 
In  some  instances  the  quartz  crystals  are  so  numerous  as  to 
touch  each  other,  but  they  are  often  wholly  isolated,  and  sup- 
ported only  by  the  copper  which  is  younger. 

The  quartz  crystals  contain  minute,  brilliant  particles  of  cop- 
per, wholly  isolated,  in  the  interior. 

5.  Cbpper,  in  the  form  of  laumontite,  preserving  oft«n  the 
sharpness  of  the  angles  and  smoothness  of  the  faces  of  the  orig- 
inal mineral,  when  seen  by  the  naked  eye ;  under  the  ^lass  the 
sorfiEKse  is  less  even.  The  pseudomorphs  are  not  solia  copper, 
as  will  appear  in  describing  other  specimens. 

6.  Chlorite  f  a  soft,  light-green  mmeral  in  minute  hemispher- 
ical forms,  with  radiating  structure,  scattered  over  the  quartz 
and  copper.  Wherever  this  mineral  lies  upon  the  quartz  crys- 
tals, these  are  more  or  less  penetrated  by  it,  and  some  of  them 
are  eaten  through  and  through  to  such  an  extent  that  the  crys- 
talline form  is  no  longer  recognizabla 
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7.  M  Copper  Calcite;  Galcite  crystals — scalenoliedionfl — |to 
f  inch  long,  lie  on  the  sides  and  around  the  edges  of  the  speci- 
men. These  crystals,  in  forming,  adapted  themselves  with  par- 
tiaUy  entering  ^ac^to  the  rough  srlxface  of  the  preexisting 
<]|uartz  and  copper.  Some  of  the  calcite  crystals  contain  bril- 
bant  isolated  nims  of  copper,  which  most  have  been  formed  at 
least  after  the  calcite  haa  oegun  to  crystallize,  and  is  therefore 
younger  than  the  copper  previously  mentioned. 

8.  Datolite^  in  exceedingly  minute  crystals,  lying  on  both 
the  chlorite  and  calcite ;  they  are  less  than  ji^  inch  in  diame- 
ter, but  the  datolite  form  is  distinctly  visible  under  the  micro- 
scope ;  they  fuse  ejwily  with  the  characteristic  green  flama 

No.  14.  Pewabic  Copper-bearing  bed. — 1.  The  rock  or 
mineral  to  which  the  laumontite  was  originally  attached,  which 
has  disappeared,  copper  now  forming  the  support  of  all  the 
members. 

2.  LauTnojitite^  of  which  only  the  form  now  remains. 

3.  A  mineral,  now  gone,  which  seems  necessarily  to  have 
been  present  to  support  the  isolated  crystals  of  quartz^ 

4  Quartz,  in  minute  prisms,  containing  bnlUant  particles  d 
copper. 

5.  ?  Calcite,  represented  only  by  impressions  in  the  copper. 
Tins  calcite  may,  perhaps,  be  older  than  some  of  the  foregoing 
members. 

6.  Copper,  now  forming  the  body  of  the  specimen.  It  is  very 
cavernous,  and  besides  forming  in  places  pseudomorphs  after 
laumontite,  it  is  the  support  of  every  member  of  the  seriea 
That  it  is  younger  than  tne  quartz  crystals  is  shown  by  the  feet 
that  on  removing  these,  perfect  casts  of  them  are  visible  in  the 
copper.  The  copper  also  contains  impressions  of  calcite  ciys- 
tals  (see  above). 

7.  Chlorite  f  the  same  mineral  as  the  6th  member  of  Na  13, 
and  occurring  in  the  same  manner. 

8.  Calcite ;  a  few  small  scalenohedrons  planted  on  the  copper 
in  the  impressions  of  the  older  calcite  =  5th  above. 

No.  14a.   Copper  after  laumontite,  from  the  Pew  ABIC  CoPPEB- 

BEARING  BED. 

The  upper  face  of  this  specimen  is  part  of  a  partially  filled 
cavity  in  a  cupriferous  and  highly  altered  amygdaloid;  the 
lower,  or  broken  face,  is  a  portion  of  the  altered  amygdaloid 
itself.  Tlie  general  appearance  of  the  specimen  at  first  glance 
is  that  of  a  drusy  cavity,  nearly  filled,  except  in  the  middle, 
with  broken  crystals  of  calcite,  whose  interiors  contain  many 
thin  plates  and  threads  of  native  copper. 

The  amygdaloid  is  a  soft  compact  brown  and  green  rock  with 
earthy  fracture, — an  altered  amygdaloidal  melaphyr.  The 
small  amygdules  near  the  wall  of  the  larger  cavity  are  of  calcite. 
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The  pseudomorphs  of  copper  after  laumontite  are  prisms  i  to  ^^ 
Dch  long  and  about  -J  of  an  inch  square,  and  are  terminated 
irith  a  hemidome ;  they  are  each  attached  by  one  end  to  the 
«rall  of  the  cavity  and  project  out  toward  the  interior.  The 
ingles  are  often  sharp,  though  in  some  instances  the  junction  of 
^o  faces  of  a  prism  presents  something  of  the  appearance  of  a 
5opper  cast  made  in  a  mould  whose  two  halves  fit  only  imper- 
fectly together.  Sometimes,  under  a  strong  glass,  the  joining  is 
dearly  imperfect,  and  the  pseudomorph  has  tne  effect  of  a  pnsm 
>uilt  with  four  badly-soldered  plates  of  metal. 

Minute  prisms  of  quartz  (colored  green  by  the  chlorite-like 
nineral  mentioned  in  specimens  No.  13  and  14)  project  from 
ihe  interior  of  the  pseudomorphs,  through  the  copper,  to  y  J^  of 
m  inch  above  the  surface. 

In  one  place  I  cut  to  the  depth  of  j\  of  an  inch  in  solid  cop- 
)er ;  but  a  cross  fracture  in  another  prism  showed  that  the 
»pper  was,  there,  a  mere  superficial  film,  while  the  interior  was 
KX5upied  by  a  confused  and  rather  porous  mass  of  quartz 
>risms,  copper,  and  the  green  chlorite-like  mineral  mentioned 
hove.  It  IS  these  quartz  crystals  whose  ends  just  pierce  the 
opper  coating.  In  some  instances  a  prism  of  quartz  terminated 
kt  both  ends  passes  entirely  through  the  pseudomorph  and 
appears  on  both  sides,  and  allows  nie  light  to  pass  through. 
Lner  removing  a  quartz  crystal  from  the  copper,  a  perfect  cast, 
ven  to  the  horizontal  prism-striae  is  found  in  the  copper. 

The  copper-surface  of  the  pseudomorphs  seems  nearly  smooth 
o  the  nated  eye,  but  under  a  strong  glass  it  appears  not  only 
>flen  perforated  with  holes,  but  it  often  shows  flaKes  of  copper 
ising  on  edge  to  a  height  of  y^y  of  an  inch  above  the  face. 

These  pseudomorphs  before  the  breaking  of  the  specimen 
(rere  imbedded  in  the  interior  of  scalenohedrons  of  calcite, 
xcept  at  the  attached  ends  of  the  prisms.  At  the  contact  planes 
between  the  calcite  and  the  pseuaomorphs,  the  former  seems  to 
dapt  itself  fully  to  all  the  irregularities  of  surface  of  the  latter. 

On  the  bottom  of  the  specimen  the  calcite  amygdules  exhibit 
oarked  signs  of  change  to  datolite.  The  transparent  crystals 
become  gradually  opaque,  with  a  pearly  lustre  on  the  cleavage 
ilanes,  and  a  little  farther  away  this  condition  merges  almost 
oaensibly  into  a  lustreless  white  mass  composed  of  an  aggrega- 
ion  of  exceedingly  minute  crystals,  which  exhibit  the  datofite 
orm  under  the  microscope,  ana  fuse  easily  with  Ihe  characteris- 
ic  green  flame  before  the  blowpipe.  The  same  change  is 
isible,  in  places,  on  the  crystals  of  calcite  enveloping  the 
eeudomorphs  after  laumontite. 

The  relative  ages  here  appear  to  be,  1,  TTie  amygdaloid^ 
doogh  probably  not  in  its  present  condition;  2,  Laumontite] 
,  Quarto]  4,  Copper^  chlorite-tike  mineral;  5,  Calcite]  6,  Datolite, 
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No.  14  (i)  Another  specimen  from  the  same  locality  ezliilntS} 
— ^besides  pseudomorphs  of  copper  after  laumontite, — pseudo- 
morphs  of  quartz  after  laumontite.  Id  these  last|  the  ends  of 
the  pseudomorphs  are  broken  off,  leaving  only  the  prisnL  The 
faces  are  formed  by  a  tolerably  even  mass  of  quartz,  on  the 
outer  surface  of  which  a  crystallme  form  appears  here  and  there 
under  the  glass.  The  interior  of  the  pnsm  is  not  a  oompMt 
mass  of  quartz,  but  is  nearly  filled  with  quartz  prisms  project- 
ing from  all  sides  toward  the  middle  and  containing  minute 
brilliant  and  isolated  particles  of  copper. 

Near  these  are  the  copper  pseudomorphs;  they  are  mere 
hollow  shells,  scarcely  as  thick  as  paper ;  the  angles  are  sharp 
and  the  faces  tolerably  smooth,  but  often  pierced  with  holea 
The  hemidome  of  one  of  these  is  studded  with  the  ends  of 
minute  quartz  prisms,  which  occupy  the  interior  of  that  part  of 
the  pseudomorph  and  project  through  the  copper  sheU. 

In  this  specimen  also,  some  of  the  pseudomorphs  are  im- 
bedded in  scalenohedrons  of  calcite,  which  sparkle  with  brilliant 
particles  of  copper  swimming  in  the  transparent  crystals. 

In  these  remarkable  pseudomorphs  the  quartz  is  undoubtedly 
the  oldest  existing  intruder,  while  the  copper,  which  far  more 
generally  preserves  the  crystalline  form  of  the  laumontite,  seems 
to  be  pseudomorphous  in,  at  least,  the  second  degree  of  removal 
Yet  in  nearly  all  instances  the  older  quartz  is  present,  occupy- 
ing a  part  of  the  space  originally  belonging  to  the  Inumontite 
crystal ;  and  very  often  these  quartz  crystals  are  wholly  separate 
from  each  other  and  supported  only  by  the  younger  copper. 
Something  which  is  now  gone  must  have  existed  to  perform 
this  office  of  support  before  the  copper  was  deposited. 

No.  15.  "Ragged  Amygdaloid,"  Albany  and  Bostok 
M. — On  the  rock  lie:  1,  Prehnite — 2,  Orthoclaae^  in  minute 
crystals  on  the  prehnite. 

No.  16.  "Epidote  Lode,"  St.  MARY'a — ^In  a  cavity  in  the 
quartz-epidote  rock,  which  forms  a  frequent  feature  of  this  bed, 
lie :  1,  Prehnite  crystals,  disposed  as  a  rentform  lining  of  the 
cavity — 2,  Quartz^  in  transparent  prisms  on  the  prehnite — 8, 
Anahite^  crystal  \  inch  in  diameter,  slightly  opaque  and  some- 
what cavernous  internally,  planted  on  the  quartz. 

4.  Orthoclase  crystals  planted  on  the  prehnite,  quartz  and 
analcite. 

The  prehnite  is  partially  altered,  containing  cavities  lined  or 
filled  with  a  soft  green  mineral,  chlorite  or  green -earth.  There 
is  also  a  greenish-yellow  chlorite-like  mineral,  which  incrusts 
and  has  eaten  away  the  surface  of  the  quartz  crystals. 

No.  17.  Amygdaloid  on  the  Kearsarge  Location. — On 
the  rock  lie:  1.  Prehnite — 2,  Quartz  on  the  prehnite. 
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Na  18.  Huron  Mink— On  the  rock  lie :  1,  Anakite,  in  a 
continuous  band  ^  inch  thick,  crystallized  on  the  inner  fiaice ;  it 
is  reddish  and  perhaps  much  altered,  though  still  hard — 2, 
Oalcite  incrusting  the  analcite  crystals,  and  occupying  cavities 
in  their  interior. 

No.  19.  Albany  and  Boston  Amygdaloid. — The  rock  of 
this  bed  is  a  wholly  irregular  mixture  of  hard  light-green 
amygdaloid  and  soft  Drown  amygdaloid,  in  which  the  vesicular 
form  is  frequently  lost  from  the  fact  that  the  cavities  contain- 
ing secondary  mmerals  have  extended  and  become  merged 
XogetheTj  forming  a  confused  patch  and  vein  structure:  1, 
Preknite,  amorphous  and  altered  to  a  slightly  cavernous  appear- 
ance on  the  surface — 2,  Quartz  in  prisms — 3,  Orthocla^  in 
minute  crystals  chiefly  on  the  altered  prehnite,  with  which  its 
formation  is  probably  connected,  and  also  on  the  quartz. 

Na  20.  Same  bed. — On  the  amygdaloid,  which  contains 
Cjuartz  amygdules,  lie :  1,  Prehnite  penetrated  with  strings  and 
nlms  of  copper — 2,  Quartz  in  prisms ;  chhrite-Uke  mineral  in 
hemispherical  forms,  with  radiating  structure — OrthocUise  in 
minute  crystals ;  all  these  lie  separately  on  the  prehnite — Sd, 
Oaleiie  covering  all  the  above  mentioned  members. 

No.  21.  Same  bed. — 1,  Quartz,  in  prisms — 2,  Chlorite-like 
mineral  in  hemispherical  forms,  with  radiating  structure; 
wherever  it  is  in  contact  with  the  quartz  it  has  pitted  it  and 
eaten  into  it — Sd,  Calcite. 

No.  22.  Same  bed. — On  the  amygdaloid  lie: — 1,  Prefmite 
crystals  in  reniform  masses — 2,  Quartz,  in  prisms  on  the 
prehnite  crvstals — 8,  Orthoclase;  Calcite;  the  orthoclase  is  in 
minute  crystals  on  the  prehnite  and  quartz. 

Na  23.  Same  bed. — The  amygdaloid  on  which  the  following 
succession  occurs  consists  of  quartz  and  chlorite,  and  is  wholly 
altered — so  much  so  that  the  auartz  which  now  composes  a 
large  part  of  it  is  evidently  of  tne  same  age  as  that  which  fol- 
lows the  prehnite — 1,  Prehnite,  in  crystalline  reniform  masses 
— 2,  Quartz  prisms— 3,  Copper  in  cubes,  with  octahedral 
modifications,  planted  on,  and  moulded  to,  the  quartz  crystala 

Na  24  Same  bed. — 1,  Prehnite — 2,  Quartz — 3,  Calcite. 

No.  25.  Same  bed. — 1,  Analcite  in  pellucid  crystals — 2, 
Oalcite;  Orthoclase;  in  this  specimen  the  analcite  appears  to 
have  incrusted  some  mineral  which  has  disappeared,  and  the 
feldspar  crystals  occur  in  the  cavity  thus  formed  as  well  as  on 
the  outer  surface  of  the  analcite. 

Na  26.  Same  bed. — 1,  Prehnite — 2,  Quartz — 3,  Copper, 
in  threads  often  moulded  to  the  quartz — 4,  Orthoclase  in 
minute  crystals  planted  on  the  prehnite,  quartz  and  copper. 
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No.  27.  Same  bed. — 1,  /VcAwtfe,  penetrated  with  copper 
threads — 2,  Quartz  in  prisms — 8,  Chlarite-like  mineral  men- 
tioned in  Nos.  20  and  21 ;  here  also  it  has  eaten  into  the  &ceB 
of  the  quartz  crystals — 1,  Analcite  crystals,  much  firactored 
and  eaten  away,  and  sometimes  auite  hollow. 

No.  28.  Same  bed. — 1,  Prehnite  in  places  cavernous— 2, 
Quartz  in  prisms  in  the  cavities  in  the  altered  prehnite — 8, 
Orthoclase  crystals  planted  on  the  auartz. 

No.  29.  Same  bed. — 1,  Prennite — 2,  Copper  traversing 
the  prehnite  in  the  form  of  threads,  etc.,  ending  in  crystals 
which  adapt  themselves  to  the  ciystalline  surface  of  the  prehnite. 

No.  80.  Same  bed. — 1,  Prehnite — 2,  Analcite — 8,  Copper, 
in  flakes  on  the  analcite — 4,  Orthoclase  ;  chloriie-like  mineraL 

No.  31.  Same  bed. — 1,  Quartz  in  prisms — 2,  OrAodoK 
crystals,  planted  on  the  quartz. 

No.  32.  Same  bed. — 1,  Prehnite — 2,  Copper  in  crystals 
whose  under  sur&ces  are  moulded  to  the  crystalline  sur&ce  of 
the  prehnite. 

No.  88.  Huron  Mine. — On  the  amygdaloid  containing 
smaller  amygdules  of  delessite  and  quartz,  he : — 1,  Laummfikj 
a  crystalline  layer  with  projectinc  crystals — ^2,  CalcUe  crystal- 
ized  upon  and  wholly  enveloping  tne  laumontite  crjstalsL 

No.  34.  Westernmost  Adit  on  the  "  Southside."  1.  Awd- 
citej  in  opaque  crystals  i  to  ^  inch  in  diameter.  2.  OrthodoK 
crystals  planted  on  the  analcite.  (The  rock  containing  this  is 
chocolate-brown,  and  filled  with  small  amygdules  of  1st  Lau- 
montite, 2d  Calcite). 

No.  35.  "Ragged  Amygdaloid.''  St.  Mary's.  This  is  a 
soft  brown  amygdaloid  with  brown  streak,  in  which  the  cavities 
have  assumed  the  most  irregular  shapes  and  merge  into  eacli 
other  in  a  manner  which  gives  to  the  rock  a  highly  brecciated 
appearance.  The  cavities  are  generally  partially  open  at  their 
wider  points ;  and  the  minerals  occupying  them  are  chiefly  the 
following,  often  accompanied  by  a  white  clay.  On  the  rock 
lie,  1.  Analcite.  2.  Orthoclase  crystals  on  the  analcite.  8.  Cal- 
cite over  both  the  foregoing  members. 

No.  36.  Same  bed.  On  the  rock  lies  Calcite.  Orthodox 
crystals  on  the  calcite. 

No.  87.  Same  bed.  On  the  rock  are  scattered,  1.  Analcite 
crystals.     2.   Calcite  on  the  analcite. 

No.  38.  Same  bed.  1.  Analcite  in  large  crystals;  much 
altered.  2.  OrtJioclase  crystals  planted  upon  the  outer  surface 
of,  and  iu  cavities  in,  the  analcite. 

No.  39.  Pewabtc  Copper-bearing  bed.     On  the  amygda- 
loidal  rock  lies,  1,   Calcite;  copper,     2.  Datolite  in  a  granular  'j 
mass  incrusting  the  calcite  crystals. 
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No.  40.  Sake  bed  ?  1.  Cahite  in  scalenohedrons.  2.  Dato- 
Ute,  a  granular  mass  of  microscopical  crystak.  Here  the  dato- 
lite  has  partially  displaced  the  ciedcite ;  only  the  points  of  the 
crystals  of  the  latter  were  exposed,  all  the  rest  being  embedded 
in  the  younger  datolite.  These  free-standing  points  remain 
perfect  m  glance  and  form,  while  wherever  the  calcite  crystals 
are  in  contact  with  the  datolite,  their  surfaces  are  roughened 
and  perceptibly  eaten  into.     The  calcite  crystals  rest  upon  a 

SEUiular  mass  of  the  same  variety  of  datolite,  which  is  per- 
ps  the  result  of  a  displacement  of  calcita 

No.  41.  "Evergreen  Bluff."  1.  Quarto  prism.  2.  Ortho- 
daae  in  minute  crystals.  8.  CaJcite  in  simple  and  twin  scaleno- 
hedrons. 

Na  42.  "  Amygdaloid  "  Mine.  (Fissure  vein).  1.  Copper. 
2.   Compact  datolite. 

No.  48.  Same  Vein.  1.  Prehnite  in  its  characteristic  form. 
2.  Copper  conforming  to  the  radiating  cleavage-structure  of  the 
prehnita     8.  Datolite^  compact 

Na  44.  Locality  IJNKNO^yN.  1.  Prehnite  in  its  characteris- 
tic form.  2.  Quartz  in  prisms  on  the  prehnite.  8.  Analcite 
crystals  on  the  quartz.     4.   Orthoclase  crystals  on  the  analcite. 

Na  45.  Westernmost  Adit.  "  Southsidk"  Small  amyg- 
dules  consist  of,  1.  Laumontite.  2.  Quartz  surrounded  by  the 
laumontite. 

No.  46.  Michigan  Mine  (Fissure  vein).  On  the  veinstone, 
which  is  here  a  greenish-gray,  hardened  clay-Uke  material  with 
flakes  of  chlorite  and  copper,  and  which  becomes  brown  and 
soft  near  the  contact  with  No.  1,  lies,  1.  Datolite  in  a  uni- 
formly distributed  layer  j\  of  a  line  to  2  lines  thick,  with  the 
free  sui&ce  highly  crystallized.  The  crystals  are  transparent 
and  rose-colored  from  the  presence  of  minute  particles  of  cop- 
per. The  datolite  appears  quite  fresh,  and  the  copper  seems 
to  be  confined  to  it  2.  Calcite^  four  small  slightly  yellowish 
semi-transparent  rhombohedrons,  modified  with  steeper  scaleno- 
hedron  fisices,  lie  upon  the  datolite.  8.  Orthoclase,  yellowish 
crystals,  ^\  of  an  inch  long,  are  scattered  over  the  surface  of 
the  specimen,  some  lying  upon  the  calcite  and  some  upon  the 
datolite. 

No.  47.  Many  LOCALlTiEa  1.  Prehnite.  2.  Belessite.  The 
prehnite  which  occurs  as  the  solid  filling  of  amygdaloidal 
cavities  in  the  upper  part  of  many  beds,  is  subject  to  alteration 
to  chlorite.  It  IS  very  common  to  see  the  prehnite  soft  and 
green  to  a  slight  depth  from  the  outer  surface  of  the  amygdule, 
without  any  line  of  separation  between  this  portion  and  the 
hard  center ;  and  in  the  interior  the  prehnite  often  passes  grad- 
ually into  spots  and  flakes  of  chlorite.  In  these  amygdules  the 
prehnite  is  characterized  by  a  radiating  structure,  starting  from 
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a  single  center.  It  is  along  these  planes  of  radiation  tliat  the 
change  begina  Every  posaible  gradation  \b  obaervabla  The 
resulting  product  is  sometunes  a  mass  of  foliated  Ghlorite^  but 
more  generally  it  is  an  amygdule  of  compact  chlorite^  ex- 
hibiting in  its  firactore  the  same  radiating  stroetore  as  the 
prehnita 

No.  4&  Shbldek  iOTD  GoLUKBiAK  LooATiOK.  1.  PrAwik 
which  is  the  ^nend  filling  of  the  cavities  in  the  upper  part  of 
the  amygdaloid  of  this  looa^ty.  2.  J^Icbpor,  red.  it  ia  quite 
an  exceptional  occurrence  m  this  neighborhood,  and  it  is  in- 
timately associated  with  the  prehnitein  a  mannftr  that  makes 
it  seem  to  be  pseudomornhous  after  it 

Crystals  of  epidote  ana  of  <][uartz  occur  on  this  feldspar,  but 
the  specimen  gives  no  insight  mto  their  relation,  as  r^^vd  age, 
either  to  each  other  or  to  tne  feldspar  as  a  seoondaiy  product. 

No.  49.  South  Pbwabio  Miksl  In  thisbeda  firequentfinm 
of  the  rock  is  a  compact  amygdaloid,  of  which  60  or  80  per 
cent  of  the  volume  consists  of  amYgdules  from  the  sim  of  a 
pin-head  to  \  inch  in  diameter.  The  matrix  in  a  speomen 
Defore  me  is  brown,  and  too  hard  to  be  scratched  with  a  knife 
The  amygdules  are  sometimes  of  caldte,  but  more  generally 
contain,  1.  Quarti^  dear  and  filling  the  cavity.  8.  Ckhrik; 
copper.  The  chlorite  (apparently  delessite)  appears  to  diqdaoe 
the  quartz ;  in  some  amygdules  it  merely  penetrates  thefiunures 
of  the  quartz,  giving  to  uiis  a  green  color ;  in  others  nothing 
remains  but  a  cavernous  mass  of  quartz  and  chlorite  usually 
well  charged  with  copper ;  indeed  the  copper  occurs  here  only 
with  this  chlorite. 

The  series  to  which  this  bed  belonss  is  represented  on  the 
'*  Southside,''  and  again  on  the  St  Mary's,  oy  amygdaloids 
which  resemble  this  one  in  all  essential  particulars,  except  that 
the  amygdules  are  there  filled  chiefly  with  laumontite,  and  are 
fi^e  from  copper  and  nearly  firee  firom  chlorita 

No.  50.  "  OssiPBE  Amygdaloid."  The  roq|^  is  oompactk 
spotted  green  and  brown,  and  contains  small  separait  amyg- 
denies  of  prehnite,  quartz,  epidote,  calcite,  chlorita  The  chlo- 
rite appears  as  a  destroyer  of  prehnite,  quartz  and  calcite.  A 
larger  cavity  shows  the  following  succession  :  1.  Prehnite ;  a 
lining  I*  to  I'  inch  thick,  much  altered  and  in  places  changed  to 
chlonte.  2.  Orthoclase,  minute  crystal  8.  Epidole  on  the  fidd- 
spar. 

No.  51.  HuBON  Mine.  In  places,  the  Isle  Boyale  coppe^ 
bearing  bed  consists  largely  of  a  light  grayish-^reen,  fine- 
grained rock  of  epidote  and  chlorite  indurated  with  quartz ; 
small,  irregular  cavities  in  this  contain,  1.  JEpidote  ;  crystalline 
lining  J  inch  thick.     2.   Quartz  filling  the  interior. 
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.  Shelden  and  Columbiak  Mink  In  cavities  in  a 
ad  green  amygdaloid  lie,  1.  Qtmrtz  in  well  shaped 
2.  Oalcite ;  Quartz.  This  second  quartz  is  in  small 
much  distorted  crystals,  Vhich  are  often  partially  im- 
1  the  calcite,  and  are  also  often  planted  on  the  older 
X)m  which  they  can  be  easily  removed  without  fracture, 
w  Huron  Mine.  1.  Quartz  with  more  or  less  crys- 
ructure.  2.  Copper  moulded  on  the  quartz  and  filling 
id  interstices  in  it 

:  Ragged  Amygdaloid.  St.  Mary*s.  In  the  rock 
55),  some  of  the  smaller  cavities  contain,  1.  Orthoclase 
crystalline  lining.  2.  Calcite  filling  the  interior.  3. 
K»  mineral  penetrating  and  apparently  replacing  the 

iger  cavity  occur  the  following : 
.  1.  Anatcite  crystals  J  inch  to  2  inches  in  diameter, 
Idened.  2.  Or^)clase ;  smaU  crystals  on  the  analcite. 
a  soft  white  mineral,  apparently  the  result  of  con- 
jcomposition  of  the  analcite  under  conditions  unfavor- 
;he  formation  of  new  silicates  as  feldspar. 
J.  "Ancient  Pit"  bed.  Douglass  Location.  1. 
ibrming  a  crystalline  lining  of  a  cavity.  2.  Quartz 
e  interior. 

.  SuLPHURET  (Fissure  vein)  Huron  Location.  The 
\  inches  wide)  consists  of  the  following :  1.  Ankerite  f 
ne,  massive,  white  on  fresh  surface,  but  rusty-brown 
ed  fractures)  forming  the  member  nearest  the  wall  on 
t  2.  Quartz  in  two  symmetrical  comby  bands  on  the 
and  in  thin  seams  in  the  dolomite  connected  by  cross- 
th  the  quartz-comb.  8.  Chalcodte^  black — ^bluish-black 
net  cleavage.  It  resembles  the  pseudomorphous  chalco- 
B  Lac  la  Belle  mine.  Bomite  occurs  sprinKled  through 
jocite  in  minute  specks ;  in  places  it  predominates, 
»  to  -ibe  exclusion  of  the  latter. 

Bulphurets  form  the  central  member,  and  bunches  of 
t  orten  surrounded  by  the  older  members,  giving  the 
) "  structure  to  the  vein. 

is  in  another  portion  of  this  vein  that  the  arseniureta,  whitneyite  and 
tre  foond. 

\  attempted  to  bring  the  foregoing  observations  into 
nng  tabular  form  for  greater  convenience  of  compari- 
3  table  is  unavoidably  imperfect,  owing  to  the  necessary 
e  wllich  arise  in  attempting  to  compare  the  successions 
ent  localities.  The  detailed  observations,  however, 
B  for  a  check  upon  the  imperfections  of  the  schedule. 
B  AND  Calcite. — In  many  of  the  instances  in  which 
tystals  are  found  enclosing  copper,  it  is  difficult  and 
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often  impossible  to  distinguish  as  to  the  relative  ages  of  the 
two.  But  specimens  in  my  collection  offer  conclusiYe  pioc^ 
that  each  of  the  following  cases  occur. 

L — The  copper  was  present  hejbre  the  caleUe  began  to  fonoy  and 

became  enclosed  in  the  grounng  crystal 

In  this  case  the  copper  and  its  associated  minerals  generallv 
form  the  basis  on  which  the  calcite  rests,  and  the  crystals  of 
the  latter  exhibit  entering  faces  wherever  the  surface  of  the 
crystal  is  in  contact  with  the  copper;  it  should  seem  to  indi- 
cate an  effort  at  those  points  to  crystallize  free  from  the  foreign 
substance,  by  forming  separate  individuals.  But  on  the  fin- 
ished crystal  the  traces  of  this  tendency  is  visible,  generally, 
only  in  the  comparatively  very  small  entering  faces  at  the  con- 
tact with  the  copper. 

In  this  way  calcite  crystals,  formed  in  a  cavernous  mass  of 
copper,  are  intersected  internally  by  a  perfect  net-work  of  thin 

Elates  of  the  metal,  and  yet  preserve  their  cleavage  unaffected ; 
ut  wherever  the  copper  comes  in  contact  with  the  sur&ce  of 
the  crystal,  the  small  entering  faces  are  present 

IL — The  o-ystai  of  calcite  was  partly  formed,  then  became  incrus- 
ted  with  copper,  and  was  finished  by  a  new  growth  ofcalcik  over 
tlie  metallic  film, 

A  most  remarkable  instance  of  this  case  is  that  of  a  crystal 
about  2  inches  long — a  steep  scalenohedron — ^with  a  basal  ter- 
mination of  about  1  square  mch  surface.  At  this  stage  of  its 
growth  it  was  covered,  over  nearly  the  whole  surface,  with  a 
thin  coating  of  copper.  The  basal  termination  on  scalenohe- 
drons  of  calcite  is  as  rare  on  Lake  Superior  as  elsewhere,  and 
in  the  few  instances  where  I  have  seen  it,  it  lacks  the  polish 
which  indicates  perfect  growth.  The  tendency  to  complete  the 
point  of  the  scalenohedron  is  well  shown  on  this  specimen; 
over  the  partially  copper-coated  basal  plane  there  are  scattered 
a  large  number  of  perfectly  pointed  scalenohedrons — ^two  or 
three  of  these  are  J  to  ^  inch,  high — and  others  are  scattered 
over  the  side-faces.  All  of  these  younger  crystals  are  arranged 
in  perfect  uniformity  with  the  plan  of  the  underlying,  older 
inclividual. 

Those  portions  of  the  surface  on  which  the  copper-coating  is 
perfect  have  no  younger  calcite  crystals ;  these  occur  where  the 
metallic  film  is  thinnest  and  more  or  less  perforated. 

Tlie  copper  is  not  confined  absolutely  to  the  surface  of  the 
crystal  on  whicli  it  lies :  it  penetrates  to  a  slight  distance  alon? 
the  cleavage-planes,  and  the  result  is  an  exceedingly  delicate 
treieulatiou  on  its  under  surface.  The  calcites  which  are 
planted  on  the  copper  contain  brilliant  particles  of  the  me  tals 
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twimming,  if  one  may  use  the  word,  in  the  interior  of  the  crvs- 
als;  and  these  are  so  disposed  as  to  lead  to  the  idea  that 
hroughout  the  growth  of  the  younger  crystals  they  had  to  con- 
end  with  the  continued  deposition  of  the  metal  Thus  one  of 
he  new  scalenohedrons,  after  growing  to  the  height  of  J  inch, 
^as,  like  the  underlying  one,  also  ended  with  a  basal  termina- 
ion,  on  which  again  smaller  new  and  well  pointed  individuals 
irere  built  up. 

H. — The  copper  has  entered  the  calcite  crystal  since  its  growth  was 

finished 

A  specimen,  in  my  collection,  illustrates  this  remarkably  well. 
[t  is  a  cleavace-rhombohedron  of  opaque  calcite,  travefsed  by 
ntersecting  sheets  of  copper,  which  are  wholly  independent  of 
he  cleavage  planes.  On  detaching  the  copper  from  the  calcite, 
;he  surface  of  the  latter  appears  rough ;  it  is  a  fi«<5ture  oblique 
»  the  cleavage,  and  the  fece  of  the  §acture  is  formed  by  count- 
less comers,  or  solid  angles,  of  minute  cleavage-rhombohedrons, 
18  is  fiilly  proved  by  the  reflexion  of  the  light  The  copper- 
iheets,  which  are  about  j\  inch  thick,  reproduce  this  very  com- 
pletely. 

Another  very  remarkable  specimen  is  fix)m  the  cement  of  the 
Albany  and  Boston  conglomerate.  It  is  about  1  inch  in  diam- 
3ter,  and  consists  of  opaque  white  calcita  The  continuity  of 
the  cleavage  shows  it  to  be  a  single  individual,  though  it  passes 
>n  the  edges  without  any  sharp  demarkation  into  the  common 
cement  of  the  conglomerata  This  calcite  is  traversed  by  con- 
dnuous  sheets  of  copper  ^J^  to  j\  inch  thick,  which  are  per- 
fectly straight  These  sheets  are  parallel  to  several  planes, 
[nearly  all  of  which  are  independent  of  the  cleavage)  ana  inter- 
lect  each  other.  In  each  of  the  sets  thus  formed  the  sheets  are 
perfectly  parallel,  and  are  separated  by  plates  of  calcite,  which 
ire  in  places  as  thin  as  the  copper  itself  Where  three  such 
sets  intersect  each  other,  the  resulting  solid  appears  composed  of 
x>ncentrically  arranged  laminae  of  copper  ana  calcite.  In  some 
p^rtB  of  the  specimen  the  copper  preaominated  over  the  calcite. 
Wherever  the  feces  of  the  copper  laminsa  are  exposed,  they  are 
narked  with  a  delicate,  reticulated  tracery,  indicating  the  lines 
>f  intersection  of  the  sheet  with  the  cleavage  planes  of  the 
nrystaL  The  cement  in  the  vicinity  of  the  calcite  is  impreg- 
lated  with  copper;  in  places  it  is  almost  wholly  replaced  by  the 
netal  in  the  fine  granular  condition  called  "brick  copper,'^  and 
nto  this  the  laminae  of  metal  extend,  without  break,  from  the 
»lcita  This  specimen  is  really  a  pseudomorph  of  copper  after 
adcite. 

Copper  and  Silver, — ^It  is  a  well  known  fact  that  these  two 
netals  occur  in  the  metallic  state,  in  the  Lake  Superior  depos- 
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its,  in  the  most  intimate  contact  with  each  other,  and  yet  with- 
out being  mutually  alloyecL  Even  at  the  contact  they  are  not 
absolute^  Joined  together,  for  after  rolling  out  a  piece  of  oqp- 
per  containing  spots  of  silver,  the  two  metals  become  more  or 
less  separated,  and  may  oft;en  be  readily  detached  fix>m  eadi 
other.  I  have  not  been  able  to  obtain  any  material  that  would 
throw  light  upon  the  relative  ages  of  the  two  metals. 

[To  be  oontuiued.] 


Art.  XXXIV. — On  Photographing  Histological  Preparations  by 
Sunlight;  by  J.  J.  Woodward,  Asst  Surgeon  tJ.  S.  Army. 
Eeport  to  Surgeon  General  J.  K.  Barnes,  U.  S.  Anny. 
Washington,  June  9,  1871. 

In  January,  1870, 1  had  the  honor  to  submit  to  you  a  report 
in  which  I  detailed  the  results  of  a  series  of  experiments,  wbidi 
showed  the  superiority  of  the  electric  and  magnesium  lights 
over  sunlight,  as  heretofore  employed,  for  the  production  of 
photo-micrographs  of  the  soft  tissues.  In  June  of  the  same 
year  I  made  a  report  in  which  I  showed  that  similar  results 
could  be  obtained  with  the  oxy-calcium  light.  With  these 
various  artificial  sources  of  lignt,  I  obtained  pictures  which 
appeared  to  me  to  be  "clearer  and  better  denned  than  any 
photographs  of  similar  objects  I  had  hitherto  seen  produced  by 
sunlight 

So  many  cloudless  days  are  offered  to  the  photographer  in 
Washington,  that  I  could  not  but  regret  these  results ;  yet  they 
appeared  to  be  final  at  the  time  of  writing.  During  the  la^ 
few  months,  however,  I  have  found  improved  methods  of  using 
the  light  of  the  sun  for  photographing  the  soft  tissues,  and  have 
arrived  at  results  which  must  materially  modify  the  conclusions 
of  my  former  reports. 

Not  that  I  have  anything  to  withdraw  fix)m  the  opinions  I 
have  expressed,  as  to  the  certainty  and  success  attending  the 
use  of  artificial  lights  for  the  purpose  named,  but  I  have  much 
to  add  with  regard  to  the  most  advantageous  methods  of  using 
the  light  of  the  sun  for  obtaining  satisfactory  pictures  of  tissue 
preparations,  and  sucli  other  objects  as  approximate  them  in 
optical  characteristics. 

If  a  well  made  preparation  of  some  normal  tissue,  or  of  some 
pathological  growth,  stained  with  carmine,  silver,  or  gold,  and 
mounted  temporarily  in  glycerine,  or  permanently  in  Canada 
balsam,  be  illuminated  by  white  cloud  illumination,  or  by  l:unp 
light,  and  found  to  be  all  that  could  be  desired,  it  will  never- 
theless appear  very  unsatisfactory  if  illuminated  by  the  direct 
rays  of  the  sun. 
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re  glancing  through  the  tube  of  the  instrument,  dazzled 
owerful  light,  discerns  amidst  the  blaze,  innumerable 
rings,  produced  by  diffraction  and  interference  which 
the  normal  appearances  of  the  preparation  and  render 
>retation  impossible. 

image  be  received  upon  a  white  screen  similar  pheno- 
brude  themselves,  destroying  the  clearness  of  the  picture, 
ao  longer  injuriously  aSecting  the  eye;  and  i/^mono' 
c  light  is  employed,  although  the  disorderly  plajr  of 
(appears,  black  nngs  and  lines  of  the  most  manifold 
r  and  direction  take  their  place.  Pictures  produced 
lese  circumstances  are  of  course  quite  useless,  and  the 
'  occurs  not  merely  in  the  case  oi  tissue  preparations, 
very  large  number  of  other  objects, 
ape  these  disagreeable  resalts,  it  has  heretofore  been  the 
to  pass  the  solar  pencil  through  a  piece  of  ground  glass, 
n  18  recommended  in  all  the  treatises  on  photo-micro- 
md  has  hitherto  been  emploved  in  the  solar  work  done 
iimj  Medical  Museum.  The  method  is  effectual  in 
id  of  the  diff'raction  and  interference  phenomena  com- 
)f ;  an  image  is  obtained  which  is  clear  and  satisfactory 
e  looking  down  the  tube,  but  it  appears  very  weak  on 
n,  and  is  sadly  deficient  in  contrast  These  faults  are 
ed  in  photographs  of  objects  thus  illuminated,  and, 
p,  the  time  of  exposure  is  enormously  increased.  Such 
are  decidedly  inferior  to  those  which  can  be  obtained 
lagnesium,  or  even  by  the  calcium  light,  with  which 
id  glass  is  used. 

re  now  to  call  your  attention  to  the  fact  that  in  the 
'  some  recent  experiments,  I  have  ascertained  that  the 
►n  and  interference  phenomena  above  complained  of, 
prevented  by  the  use  of  a  suitable  condensing  lens, 
i»r  than  by  the  ground  glass ;  that  by  this  plan  the 
I  may  be  greatly  diminished,  say  from  three  minutes 
hundred  diameters,  to  a  fraction  of  a  second,  and  that 
ting  pictures  are  not  merely  quite  as  free  from  diffrac- 
interference  phenomena  as  the  best  that  can  be  obtained 
5  ground  glass  is  used,  but  are  characterized  by  greater 
and  superior  sharpness  of  definition. 
Jtails  of  my  new  method  are  as  follow :  The  microscope 
iced  on  a  shelf  at  the  window  of  the  dark  room,  and  its 
de  horizontal,  the  achromatic  condenser  is  illuminated 
ar  pencil  reflected  from  a  heliostat  upon  a  moveable 
itside  the  shutter  and  thence  into  the  dark  room,  pre- 
described  in  my  original  paper  on  photo-micrography.* 

*  This  Joum.,  II,  vol  xlii,  p^  189,  Sept,  1866. 
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No  ground  glass  is  used,  but  instead  a  lens  mounted  in  a  smtable 
tube  is  fixed  in  the  opening  of  the  shutter  through  which  the 
solar  pencil  enters.  This  lens  is  an  achromatic  combination 
about  two  inches  in  transverse  diameter  and  of  about  ten  inches 
focal  length.  It  is  placed  at  such  a  distance  firom  the  achroma- 
tic condenser  that  the  solar  rays  are  brought  to  a  focus  and  benn 
again  to  diverge  before  they  reach  the  lowest  glass  of  ue 
achromatic  condenser. 

For  anatomical  preparations  requiring  for  their  display  from 
two  to  five  hundred  diameters,  I  use  an  -^th  of  an  inch  ob- 
jective, without  an  eyepiece,  obtaining  the  precise  power  desired 
by  variations  in  the  distance  of  the  sensitive  plate  from  the 
stage  of  the  instrument  I  have  lately  given  the  preference  to 
immersion  objectives,  the  corrections  of  which  I  find  are  gene- 
rally well  suited  to  photographic  requirementa 

Now  with  an  l-8th  objective  and  the  arrangement  above 
described,  the  field  is  so  brilliantly  illuminated  that  the  eye 
cannot  safely  be  permitted  to  look  down  the  tuba  The  image 
is  therefore  received  on  a  piece  of  white  card-board,  and  sittins 
by  the  microscope  to  make  the  adjustment,  I  view  the  card  with 
both  eyes  precisely  as  in  the  case  of  the  ordinary  solar  micro* 
scopa  W  ith  these  arrangements,  the  card-board  placed  from 
two  to  four  feet  from  the  stage  of  the  microscope  is  sufficiently 
well  illuminated  to  permit  distinct  vision,  even  when  objectives 
of  the  shortest  focus  are  used  and  powers  of  five  to  ten  thousand 
diameters  obtained.  While  the  object  is  thus  seen  on  the  white 
screen  in  its  natural  colors,  the  cover  corrections,  focussing, 
management  of  the  achromatic  condenser,  and  selection  of  the 
portion  of  the  preparation  to  be  photographed,  are  readily 
managed.  When  all  is  satisfactory,  I  insert  an  ammonio-sulphate 
cell  between  the  large  lens  and  the  achromatic  condenser,  and 
draw  down  the  velvet  hood  which  prevents  leakage  of  light 
from  about  the  microscope  into  the  dark  room ;  then  going  to 
the  plate  holder,  I  make  tlie  final  focussing  in  the  usual  way  on 
the  ground  glass,  or  on  plate  glass  with  the  help  of  a  focussing 
glass,  according  to  the  nature  of  the  object 

With  powers  of  five  hundred  diameters  or  less,  I  at  first  ex- 
perienced some  difiiculty  in  giving  the  right  exposure ;  for  as 
the  time  required  was  but  a  fraction  of  a  second,  it  was  a  matter 
of  some  difficulty  to  regulate  it  with  precision.  At  length  I 
succeeded  by  arranging  a  sliding  shutter,  with  a  transverse  slit 
of  variable  width,  so  adjusted  as  to  fall  with  its  own  weight 
before  the  tube  of  the  microscope,  the  exposure  being  made 
during  the  passage,  and  the  time  of  exposure  regulated  by  the 
width  given  to  the  slit. 

Of  course  it  occurred  to  me  that  for  such  short  exposures  the 
heliostat  might  be  dispensed  with,  and  I  found  on  trial  without 
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that  a  large  right-angled  prism  used  in  the  position  of  total 
flection,  or  even  an  onlinary  mirror  gave  excellent  results ; 
e  exposures  being  even  shorter  than  when  the  heliostat  was 
ed,  since  there  was  but  a  single  reflection,  I  could  not  satisfy 
y^elf,  however,  that  the  quality  of  the  pictures  differed  from 
oee  obtained  with  the  help  of  the  heliostat,  except  perhaps 
at  in  certain  cases  the  prism  seemed  to  offer  advantages  which 
ill  be  referred  to  hereafter.  Under  these  circumstances  the 
iliostat  appears  desirable  for  ordinary  use,  since  the  solar 
sncil  being  thrown  in  a  constant  direction,  the  trouble  of  ad- 
Btin^  the  illumination  of  a  series  of  objects  is  considerably 
minished ;  but  I  have  convinced  myself  by  trial  that  equally 
x)d  pictures  can  be  produced  without  it,  even  with  very  hign 
>wers,  a  circumstance  of  considerable  interest  where  motives 
'  economy  preclude  the  microscopist  from  procuring  this  con- 
snient  instrument 

A  few  remarks  with  regard  to  certain  points  in  the  procedure 
x)ve  sketched  seem  called  for. 

First,  with  regard  to  the  selection  of  objectives  suitable  for 
botc^raphic  work  of  this  kind.  The  power  of  the  objective  to 
B  us^  will  depend  of  course  upon  tne  details  it  is  desired  to 
isplay.  I  find  it  best  to  use  the  naked  objective  without  eye- 
ieoe  or  amplifier,  and  not  as  a  rule  to  fix  the  sensitive  plate 
tore  than  three  or  four  feet  fix)m  the  stage  of  the  microscope. 
i.n  l-8th  objective  may  be  conveniently  employed  to  obtain 
owers  of  fix)m  two  to  five  or  six  hundred  diameters,  a  l-16th 
>r  higher  powers  up  to  twelve  or  fifteen  hundred  diameters. 
aitable  amplifiers  or  even  eye-pieces  may  be  used  in  either 
use,  with  great  increase  of  the  magnifying  power,  and  often 
ith  admirable  scenic  effect,  but  there  is  always  a  certain  loss 
f  definition.  Still  such  amplifications  may  sometimes  be  ad- 
antageously  resorted  to,  especially  in  the  case  of  objects  which 
resent  very  minute  details ;  for  in  these  cases  the  paper  prints 
ill  oftien  lose  many  of  the  fine  details  of  the  negative,  and  the 
Nss  of  definition  incurred  by  the  amplifier  or  eye-piece  is  not 
nfrequently  less  than  that  encounterea  in  attempting  to  transfer 
>  papW  a  n^ative  prepared  with  insufficient  ma^ifying  power, 
hus  far  my  experience  is  decidedly  in  favor  of  using  sufficient 
ower  m  the  first  instance,  rather  than  attempting  to  enlarge 
emtives  taken  with  less  power. 

The  objective  selected  snould  of  course  be  unexceptional  in 
efining  power,  and  should  always  be  specially  corrected  for 
holography.  It  has  been  erroneously  stated  by  Moitessier,* 
lat  if  an  ammonio-sulphate  or  other  blue  cell  be  interposed  in 
le  solar  pencil,  all  special  corrections  of  the  objective  may  be 

*  L»  Photographie  Appliqu^  aux  Becherches  Micrographlques,  par  A.  Moites- 
BT,  Farifl,  1866,  p.  180  et  seq. 
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dispensed  with.  This  proposition,  which  has  been  adopted  by 
many  other  writers,  ap{>ears  plausible,  but  a  little  consiaerati(m 
will  show  it  to  be  quite  erroneous. 

Every  one  knows  that  a  good  objective  must  be  free  from 
spherical,  as  well  as  from  chromatic,  aberration.  Of  course  the 
use  of  monochromatic  light  disposes  of  the  chromatic  trouble 
Not  so  with  the  spherical  aberration.  Now  this  aberration,  like 
the  chromatic,  is  corrected  mainly  by  the  just  combination  of 
flint  with  crown  glass  in  the  several  pairs  whicb  constitute  the 
objectiva  If  these  are  so  adjusted  as  to  correct  spherical 
aberration  as  nearly  as  possible  for  white  ligbt,  they  will  no 
longer  do  so  for  light  which  has  passed  through  the  ammonio- 
sulphate  of  copper.  Until  objective  makers  take  this  fiurly  into 
consideration,  the  microscopist  who  desires  to  photograph  what 
he  sees  is  left  to  a  happy  chimce  in  the  selection  of  his  objectives. 
For  even  those  makers  who  profess  to  prepare  objectives 
"  specially  corrected  for  photography  "  do  not  deal  any  too  well 
with  the  problem.  If  they  would  test  their  objectives,  while 
making  them,  with  violet  light,  we  should  have  better  resoltB; 
for  with  such  illumination  the  eye  can  see  all  that  photography 
can  execute,  and  no  mora 

But  this  circumstance  fortunately  enables  the  microscopist  to 
select  from  the  objectives  in  the  market  those  which  are  suitable 
for  photography.  It  is  only  necessary  to  test  their  performance 
when  illuminated  by  sunlight,  which  has  passed  through  an 
ammonio-sulphate  cell  Now  it  fortunately  happens  that  the 
high  power  immersion  objectives  of  certain  makers,  especially 
those  of  Powell  &  Lealand,  possess  very  nearly  the  corrections 
which  theory  would  indicate  as  best  adapted  for  photographic 
use.  Nevertheless  it  can  hardly  be  douoted  that  even  these 
objectives  could  be  greatly  improved  if  the  makers  would  take 
into  consideration  the  principles  involved  in  the  foregoing 
remarks. 

A  second  point,  which  deserves  attention,  is  the  use  of  the 
large  condensing  lens  above  described.  This  lens,  it  will  be 
understood,  corresponds  with  the  large  condensing  lens  of  the 
ordinary  solar  microscope,  while  the  achromatic  condenser  takes 
the  place  of  the  so-called  field  glass  of  the  same  instrument  It 
has  already  been  mentioned  that  this  lens  should  be  placed  at 
such  a  distance  from  the  achromatic  condenser  that  the  solar 
rays  may  be  brought  to  a  focus,  and  begin  again  to  diverge 
before  they  reach  its  lowest  glass.  A  different  arrangement  is 
usually  employed  in  the  solar  microscope,  the  field  glass  being 
placed  at  such  a  distance  from  the  first  condenser  that  the  solar 
rays  impinge  upon  it  before  they  come  to  a  focus.  As  a  con- 
sequence, the  convergent  pencils  proceeding  from  the  first  lens 
are  still  further  converged  by  the  field  glass,  and  a  burning 
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ms  of  heat,  as  well  as  of  light,  is  produced,  which  is  damag- 
;  to  the  preparation  as  weU  as  to  the  balsam  cement  of  the 
jectives  used.  If,  however,  the  rays  fix)m  the  first  lens  are 
rmitted  to  come  to  a  focus  and  to  begin  to  diverge  before 
iking  the  second,  this  latter  can  readily  be  adjustea  so  as  to 
ing  tne  illuminating  rays  to  a  handsome  focus,  while  the  heat 
frs,  aftier  passing  tne  second  lens,  become  parallel  or  even 
T^ergent  according  to  the  position  of  the  achromatic  condenser, 
d  all  trouble  from  the  solar  heat  is  thus  completely  avoided. 
'  successfully  may  this  separation  be  effected,  indeed,  that  I 
ve  fre(juently  obtained  light  enough  to  give  distinct  vision 
d  admirable  definition  on  the  card-board  screen  with  five 
:>usand  linear  diameters  or  even  higher  powers  (obtained  by 
3  immersion  l-16th,  an  amplifier,  and  four  feet  or  greater  dis- 
ice),  while  the  heat  was  so  slight  that  the  drop  of  water  used 
th  the  immersion  lens  did  not  require  renewal  oftener  than 
out  once  in  two  hours. 

I  had  employed  this  device  for  several  months,  and  supposed 
to  be  quite  novel,  when  I  read  the  paper  of  the  late  distin- 
isbed  President  of  the  Royal  MicroscopiciEd  Society  of  London, 
9  Rev.  J.  B.  Reade,  **  On  the  separation  of  the  rays  of  heat 
vm  the  rays  of  light  in  solar  and  oxv-hydrogen-gas  micro- 
>pea"*  I  learned  from  that  article  tnat  Mr.  Iteaue  had  de- 
jed  this  very  plan  as  an  improvement  to  the  solar  microscope 
long  ago  as  1886.  The  aavantages  attained  may  be  stated 
his  own  lucid  words. 

"  It  is  evident  by  this  arrangement  of  lenses  we  convert  the 
rallel  solar  beam  first  of  all  into  a  cone  of  light-giving  rays 
thin  a  cone  of  heat-giving  rays,  and  the  principal  focus  of 
at  is  farther  from  the  condensing  lens  than  the  principal 
yus  of  light  But  after  these  rays  cross  the  axis  we  have, 
aversely,  an  equal  and  opposite  cone  of  heat-giving  rays 
thin  a  cone  of  light-giving  rays,  and  a  plano-convex  lens  or 
misphere,  if  placed  in  this  second  cone  at  the  distance  of  its 
rn  focal  length  from  the  principal  focus  of  heat,  will  be  at  a 
stance  greater  than  its  focal  length  frx)m  the  principal  focus  of 
[ht ;  and,  consequently,  the  rays  of  heat,  after  passing  through 
is  lens,  will  become  parallel,  while  the  rays  ot  light  converge 
a  second  focua  I  have  approximately  measured  the  heating 
»wer  of  the  thermal  rays  of  the  second  cone  when  rendered 
rallel  by  the  plano-convex  lens,  and  I  found,  in  the  month  of 
Member,  that  the  mercury  in  a  sensitive  thermometer,  when 
iced  in  the  second  focus,  did  not  reach  90^  FaL,  while  at  the 
Qie  time  the  heat  at  the  focus  of  the  first  cone  was  sufficient 
discharge  gunpowder.'' 

*  The  British  Journal  of  Photography,  Dea  16,  1870,  p.  690. 
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Mr.  Reade  appears  to  have  experimented  with  low  power 
objectives  only,  tor  he  speaks  merely  of  such  preparations  as 
the  head  of  a  flea.  He  therefore  succeeded  very  well  by  uaiug 
a  single  lens  in  his  field  glass.  With  such  powers  as  the  immer- 
sion }th  and  tV^^?  ^  ^^^  ^^  better  to  use  an  ordinaiy  achroma- 
tic condenser  instead.  The  principles  involved  are  of  coune 
identical.  For  the  first  condenser  also,  I  have  been  using  an 
achromatic  combination  of  the  dimensions  and  focal  IcDgth 
above  mentioned,  taken  from  the  back  of  an  ordinary  photo- 
graphic protrait  tube ;  but  I  am  not  sure  that  a  simple  plano- 
convex lens  of  the  requisite  diameter  and  focal  length  would 
not  answer  every  purpose. 

The  introduction  oi  the  ammonio-sulphate  cell  would  of  itself 

Erevent  the  passage  of  most  of  the  heat  rays  £Edling  upon  it, 
ut  if  this  were  the  only  means  of  excluding  them,  it  would  not 
be  possible  to  focus  primarily  with  white  li^ht  on  the  card- 
board screen  in  the  manner  which  I  have  found  so  convenient 
I  have  already  stated  that  the  time  of  exposure  required  for 
the  production  of  pictures  magnified  five  hundred  diameters  or 
less,  was  a  fraction  of  a  second.  With  higher  powers  it  in- 
creases, varying  with  the  management  of  the  achromatic  con- 
denser. For  four  thousand  diameters  I  have  sometimes  needed 
as  much  as  twenty-five  seconda 

So  long  as  the  exposure  is  greater  than  a  second,  the  requisite 
time  may  readily  be  given  with  a  piece  of  velvet,  or  a  card- 
board screen  held  in  the  hand.  For  shorter  exposures  some 
mechanical  contrivance  is  indispensable.  That  alluded  to  above 
seems  to  answer  every  purpose,  and  is  arranged  as  follows:  A 
wooden  screen  is  fixed  between  the  microscope  and  the  sensitive 
plate,  as  close  as  convenient  to  the  microscope.  To  prevent 
side  lights  reaching  the  plate,  the  screen  is  connected  with  the 
window  shutter  by  velvet  curtains,  which  can  be  turned  aside 
to  manipulate  the  instrument,  and  be  let  down  at  the  pro}ier 
time,  A  circular  hole,  three  inches  in  diameter,  is  made  in  the 
screen  opposite  the  tube  of  the  microscope  for  the  transmission 
of  the  image.  In  front  of  this  a  light  shutter  slides  loosely  up 
and  down,  held  in  place  by  a  cleat  of  wood  on  each  side,  the 
design  being  to  permit  the  shutter  to  fidl  edge  foremost  with  as 
little  friction  as  possible.  The  shutter  may  be  made  of  thin 
metal,  of  wood,  or  even  of  card-board.  I  am  using  one  of  pine 
wood  the  yVth  of  an  inch  thick  —  I  have  used  one  of  eanl- 
board  with  equal  success.  In  the  shutter  is  an  opening,  three 
inches  wide  by  ten  long,  covered  with  a  card-board  slide,  by 
means  of  which  any  width  of  slit,  from  a  fraction  of  an  inch  to 
ten  inches,  can  be  given.  The  part  of  the  shutter  below  the  slit 
closes  the  aperture  tlirough  which  the  image  passes  when  the 
shutter  is  fixed  in  place  before  the  exposure  is  made.    On 
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rawing  a  wooden  trigger  the  shutter  is  started  on  its  fall,  which 
\  arrested  by  a  piece  of  string  of  suitable  length.  The  exposure 
as  now  been  made,  but  the  aperture  through  which  the  image 
asses  is  again  closed,  this  time  by  the  part  of  the  shutter  above 
16  slit  The  shutter  is  so  lignt  that  the  jar  caused  by  the 
idden  arrest  of  its  motion  by  the  string  is  too  trifling  to  do 
ay  damage  to  the  microscopic  apparatus,  and  as  it  occurs  after 
le  exposure  is  over  it  cannot  affect  the  imaga  I  find  that  if, 
"^hen  the  shutter  is  started,  the  lower  edge  of  the  slit  is  an  inch 
bove  the  aperture  through  which  the  image  passes,  a  con- 
enient  velocity  is  attained  for  a  magnifying  power  of  two  to 
ve  hundred  diameters,  arranged  as  I  nave  described.  For  still 
Sorter  exposures,  necessitated  by  lower  powers  or  other  circum- 
iances,  it  would  be  best  to  start  the  shutter  from  a  greater 
eight,  which  would  give  greater  velocity  to  the  passage  of  the 
[it,  and  any  available  fraction  ©f  time  desired  might  thus  con- 
eniently  be  obtained.  The  whole  arrangement  is  inexpensive, 
nd  may  be  manufactured  in  a  few  hours  by  any  one,  out  of  a 
eal  board,  a  few  pieces  of  card-board  ana  a  yard  or  two  of 
otton  velvet 

Of  course  the  fractional  measures  of  time  obtained  in  this 
^ay  are  not  absolute,  since  the  friction  must  be  variable,  unless 
le  apparatus  were  made  in  a  more  costly  manner  of  metal, 
^nt  I  nave  found  that  the  variations  thus  introduced  are  so 
mall  that  they  may  be  disregarded,  and  that  while  the  start- 
ig  point  remams  the  same,  the  width  of  the  slit  in  the  falling 
butter  indicates  fractions  of  time  which  may  confidently  be 
ounted  upon  to  give  proportional  photographic  results. 

The  next  subject  for  remark  is  the  arrangement  employed 
rhen  the  heliostat  is  dispensed  with. 

For  this  purpose  the  contrivance  usually  employed  for  the 
alar  microscope  answers  very  well  A  circular  disc  of  brass, 
rith  toothed  edges,  is  let  into  a  square  plate  of  the  same  metal, 
nd  is  turned  by  a  small  toothed  wheel,  to  which  a  suitable 
utton  or  milled  head  is  attached.  Through  the  center  of  the 
isc  passes  a  tube  six  or  eight  inches  long  and  two  inches  in 
iameter,  the  outer  extremity  of  which  is  fitted  to  receive  the 
irge  condensing  lens.  Just  below  this  tube  an  arm  is  firmly 
ttached  to  the  outer  surface  of  the  disc  for  the  purpose  of 
arrjring  the  mirror  or  right-angled  prism,  to  which  any  desired 
iclmation  can  be  given  by  a  rod  passing  through  the  disc  by 
ae  side  of  the  tube.  The  whole  arrangement  is  quite  like  the 
imilar  parts  of  the  ordinary  solar  microscope,  ana  hence  needs 
o  minute  description  :  it  is  fitted  into  a  window  shutter,  which 
lUst  of  course  face  to  the  south,  and  the  room  being  darkened, 
16  motions  of  the  mirror  or  prism  can  readily  be  controlled 
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from  withiD.    If  the  condensing  lens  is  used,  I  do  not  think  any 
material  advantage  can  be  obtained  from  the  prism,  and  its 
expense  is  a  decided  objection.     In  the  winter  season,  in  this 
latitude,  a  prism  of  over  five  inches  hypothenuse  is  required, 
and   its  cost   is   a  serious   item.     An  ordinary   ^lass  mirror 
answers,  I  think,  quite  as  well  for  the  tissues  and  most  other 
piir];)oses.     There  are,  however,  certain  objects,   such  as  tlie 
Pleurosigmata  and  some  other  diatoms,  the  Nobert's  test-plate, 
and  the  scales  of  certain  insects,  for  which  the  condensing  lens 
is  unnecessary.     The  achromatic  condenser,  illuminated  by  a 
parallel  solar  pencil,  answers  better  in  these  cases,  and  if  it  is 
properly  managed  no  diffraction  or  interference  phenomena  are 
produced.     I  am  satisfied  that  in  such  6ases  the  pure  parallel 
pencil  obtained  from  the  prism  gives  better  definition  to  the  . 
image  than  can  be  obtained  by  the  double  pencil  reflected  from 
an  ordinar}"  glass  mirror.     A  mirror  silvered   on  the  reflectinfi 
surface  would,  I  suppose,  answer  the  same  purpose ;  but  such 
mirrors  are  not  permanent,  and  are  troublesome  to  keep  in  order 
while  they  last.     Moreover,  if  the  prism  is  used  only  for  this 
purpose,  a  very  small  and  cheap  one  will  answer,  since  a  pencil 
half  an  inch  in  diameter  is  all  that  is  required.     Such  a  small 
right-angled  prism  is  furnished  with  most  large  microscopes,  and 
can  readily  be  mounted  outside  the  brass  disc  so  as  to  answer 
the  special  purpose  indicated.     For  all  those   objects  which 
require  the  large  condensing  lens  to  avoid  diffraction  and  inter- 
ference, a  common  glass  mirror  will  answer  well  enough.     For 
lower  powers  than  two  hundred  diameters,  however,  the  ordiuair 
mirror  will  often  be  found  to  reflect  too  much  light,  and  the 
image  on  the  card-board  screen  will  be  found  too  brilliant  to  be 
convenientlv  obsers'ed  for  any  length  of  time.     In  such  cases  a 
piece  of  plain  unsilvered  plate  glass  may  be  substituted  for  the 
mirror.     The  greater  portion  of  the  solar  light  passes  through 
it  and  is  lost,  hut  enough  is  reflected  to  make  pictures  of  frnir 
hundred  diameters  in  from  two  to  three  seconds  exposure,  and 
these  pictures  have  all  the  qualities  of  those  made  with  ordinary 
mirrors,     I  have  tried  instead  to  diminish  the  light  by  absorb- 
ing a  part,  using  for  this  purpose  an  ammonio-sulphate  cell  of 
considerable  thickness,  but  find  that  this  plan  diminishes  the 
contrast  and  definition  of  the  image,  which  is  hot  the  case  when 
a  mirror  of  simple  plate  glass  is  used  as  above  described. 

Witli  regard  to  the  nianacrcment  of  the  plate-holder,  the 
apparatus  lor  focussing,  and  other  accessory  arrangements.  I 
nee<l  only  say  that  I  employ  for  the  solar  light  the  same  simple 
plan^  \yhich  1  liavc  desoribeil  in  full  in  my  reports  on  the  use  of 
artitic-ial  light.s  in  plioto-micrograpliy. 

Since  makinti  the  expcrinieiits  wllich  have  leil  to  the  foregt> 
ing  results,  I   have  nioditied  my  method   of  dealing  with  the 
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electric  light  in  photographing  the  tissues.  I  first  render  the 
divergent  pencil  proceeding  from  the  carbon  points  as  nearly 
parallel  as  possible  by  means  of  the  condenser,  usually  supplied 
with  electric  lamps  for  this  purpose,  and  then  introduce  into 
the  parallel  pencil,  instead  of  a  ground  glass,  the  very  same 
condensing  lens  described  above  for  the  process  with  solar  light 
The  image  is  received  primarily  on  a  card-board  screen,  and  the 
remaining  details  do  not  dilrer  from  what  has  been  related 
above.  The  time  of  exposure  does  not  exceed  a  single  second 
for  four  hundred  diameters,  and  the  sharpness  of  the  pictures 
exceeds  any  of  my  former  results.  Indeed,  with  this  new  ar- 
rangement,  I  must  say  that  the  electric  light  appears  to  me  to 
retain  the  apparent  superiority  over  sunlight,  remarked  in  my 
paper  on  the  use  of  this  method  of  illumination  in  photo-micro- 
graphy, at  least  in  the  case  of  all  those  objects  which  in  them- 
selves possess  but  little  contrast.  For  well  made  tissue  prepar- 
ations, however,  I  find  the  best  work  I  can  do  with  the  electric 
light  so  similar  to  the  best  attainable  by  sunlight,  used  as  above 
described,  that  I  should  rarel}'^  take  tne  trouble  to  set  up  the 
battery  and  work  the  electric  lamp,  unless  it  was  desirable  to 
work  at  night  or  in  unfavorable  weather. 

[The  memoir  is  accompained  by  photographic  plates  of  tissues, 
magnified  400  to  500  diameters,  as  examples  of  the  results 
obtained  in  the  manner  described,  and  concludes  with  descrip- 
tion of  the  preparations.] 


Art.  XXXV. — Barometrical  Measurements  in  Ecuador  ;  by  W. 
Beiss  and  A.  Stubel.  Translated  from  the  Spanish  by 
Professor  Orton,  Vassar  College. 

[The  following  is  an  abstract  of  the  principal  altitudes  near 
Quito,  as  determined  by  the  able  North  German  Expedition  in 
1870-1.  Schmidt's  value  of  the  i;ara,  given  below,  aiflfers  from 
the  standard  in  the  U.  S.  Office  of  Weights  and  Measures  by 
—  ■0015  meter.  I  have  reduced  the  meters  to  English  feet 
It  is  remarkable  that  every  successive  measurement  of  the  Quito 
nian  Andes  gives  a  reduced  elevation.  Thus :  altitude  of  Quito 
by  Humboldt,  9570 ;  Orton,  9520 ;  Eeiss  and  Stubel,  9350 ;— of 
Panecillo  by  Humboldt,  10,244;  Orton,  10,101;  R  and  S., 
10,006 ;— of  Pichincha  by  Humboldt,  15,922 ;  Orton,  15,827 ; 
R  and  S.,  15,704 ;— of  the  crater  by  Wisse  and  Moreno,  13,600; 
Orton,  13,800;  R  and  S.,  13,175.] 

NoT£. — ^The  altitudes  are  calculated  in  meters  above  the  level 
of  the  sea,  one  meter  equaling  1*1963  Spanish  vara.  The  greater 
part  of  the  observations  were  made  with  the  barometer;  but  trig 


S68  BeiM  and  SHSfd—Bartmiieirioal  MeoMwremmU  m  Bomkt, 


onometrioal  measuranentB  W6re  takan  of  some  notftble  pointBb  Tk 
letters  B  and  T  indioate  theae  different  meara,  snd  the  nmilMn 
show  the  times  of  obsenrationa.  As  this  woilc  ia  proriaoml,  As 
authors  reaerve  the  privil^e  of  making  coneotionB  in  tlia  taSm^ 
which,  however,  will  be  inaignificant. 


Talcan,  plasa  (northern  frontier), 

Chota  bridge, 

Isambal,  foot  of  Yananron, 

Top  of  TanaoroQ, 

£1  Fuyafriya,  north  summit, 

"  south     " 

Caricocha, 
Tabacundo, 
Salinas,  plaiza, 
Hatunta^ui,  plaza, 
Cotaoaohi,  plaza, 
Otovalo,  plaza, 
HaciendA  of  Cnioocha, 
Border  of  the  Lake  Cuioocha, 
Top  of  Cotaoaohi,  S,E.  ponit, 

"         "      N.w:  ** 

Snow-limit  on  Ck>taoaehi,  S.  W.  ride, 

San  Pablo,  plaza, 
"        "      lake, 
Top  of  Cusin, 
La  Esperanza,  plaza. 
Top  of  Gorilche, 
LaKe  within  the  erater. 
Top  of  Cerro  Cunru, 
Lake  in  the  crater, 
Taguarcocha,  - 
Ibarra,  plaza, 
Lnanta,    ** 
Peguche,  hacienda, 
Gnaillabamba,  pueblo, 
Alchipichi  bridge, 
Pomasqui,  plaza, 
Cotocollao,    " 
Perucho,        " 
Colicall,  pueblo, 
Frutillas, 

Mindo,  hacienda  of  San  Vicente, 
El  Pondoiia,  N.E.  summit, 
Pailon, 

Junction  of  Rio  Blanco  with  Rio  del 
Hacienda  of  San  Jos6  in  Lloa, 
Top  of  Rucu-Pichincha, 


2,977 
1,082 
4,041 
4,056 
4,S94 
4,279 
8,711 
2,889 
1,689 
2,407 
2,458 
2,581 
2,747 
8,118 
4,960 
4,966 
4,829 
4,620 
4,694 
2,726 
2,697 
4,012 
2,844 
8,882 
8,801 
8,888 
8,817 
2,258 
2,225 
2,422 
2,556 
2,106 
1,719 
2,507 
2,802 
1,880 
2,702 
8,133 
1,264 
2,940 
2,985 
Volcan,  2,078 
3,091 
4,787 


9,767 
5,026 
18,257 
14,947 
14,087 
14,088 
12,174 
9,478 
5,877 
7,897 
8,048 
8,468 
9,012 
10,229 
16,272 
16,291 
16,842 
15,167 
15,899 
8,948 
8,848 
13,162 
7,690 
12,785 
12,470 
10,950 
10,882 
7,891 
7,800 
7,946 
8,885 
6,909 
5,689 
8,225 
9,198 
6,004 
9,160 
10,278 
4,147 
9,645 
9,793 
6,817 
10,140 
15,540 


IBL 
1« 
3" 
2« 
2« 


IR 

$• 

2« 

24* 

1« 
2« 

T 


K      1 

SR 
2« 

2" 
16" 
8" 
2" 
2" 
1  " 
4" 
4" 
2« 
3« 
«" 
2" 
2" 
4" 
8« 
2« 
2" 
16" 
1" 
1" 
7" 
28  • 
T. 
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MeUiod. 

IB. 

T. 

IB. 

1  " 

2  " 
1  " 

1  « 

2  ** 

3  « 
2  " 

4  « 
2  " 
2  " 
2  " 
7  " 
2  " 
2  " 

1  *' 

2  " 
1  " 
1  « 

1  « 

2  " 
2  " 
1  « 
1  " 


Place. 

Altitude. 
Meters.         Feet. 

irguachana, 

4,090 

13,264 

f  Guagua-Pichincha, 
m  of  the  crater, 

4,181 

15,704 

4,016 

13,176 

f  the  mound  in  the  crater, 

4,087 

13,408 

f  Panecillo, 

3,050 

10,006 

ingara,  hacienda  de  las  Monjas, 

2,648 

8,687 

e  of  Go&palo, 

2,645 

8,349 

h 

2,690 

8,826 

aco,  plaza. 

2,390 

7,841 

bo,      " 

2,484 

8,149 

nda  of  6uachal&, 

2,801 

9,189 

nbe,  pueblo, 

2,862 

9,367 

f  Atacazo,  edge  of  crater. 

4,639 

14,891 

1  within  crater. 

4,242 

13,916 

illo,  tambo. 

2,802 

9,193 

,  pueblo. 

2,922 

9,686 

f  Corazon, 

4,787 

16,704 

ichi,  tambo, 

2,936 

9,629 

^antana  peak  on  Ruminagui, 

3,839 

12,694 

m  of  the  Caldera, 

3,756 

12,319 

between  Capacocha  and  Sachacocha, 

4,192 

13,762 

nda  of  Pedregal, 

3,631 

11,684 

f  Pasochoa, 

4,266 

13,959 

Tlal6, 

3,161 

10,370 

asl,  plaza, 

2,687 

8,487 

ada  of  Snr.  Jijon,  Chillo, 

2,618 

8,261 

XXXVI. — Inaugural  Address  before  the  British  Association 
Edinburgh,  August  2d  ;  by  Sir  WiLLlAM  THOMPSON, 
sident  of  the  Association. 

• 

Kew  Observatory. 

*  *  One  of  the  most  valuable  services  to  science 
the  British  Association  has  performed  has  been  the  es- 
iment,  and  the  twenty-nine  years  maintenance,  of  its  ob- 
oiy.  The  Eoyal  Meteorological  Observatory  of  Kew 
)uilt  originally  for  a  sovereign  of  England  who  was  a 
is  amateur  of  astronomy.  George  the  Third  used  contin- 
to  repair  to  it  when  any  celestial  phenomenon  of  peculiar 
3t  was  to  be  seen:  and  a  manuscript  book  still  exists 
;vith  observations  written  into  it  by  his  own  hand.  After 
lilding  had  been  many  years  unused,  it  was  granted,  in 
ar  1842,  by  the  Commissioners  of  her  Majesty's  Woods 
orests,  on  application  of  Sir  Edward  Sabine,  for  the  pur- 
f  continuing  observations  (from  which  he  had  already  de- 
important  results)  regarding  the  vibration  of  a  pendulum 
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in  various  gases,  and  for  the  purpose  of  promoting  pendulum 
observations  in  all  parts  of  the  world.  The  Govemnient  granted 
only  the  building— no  funds  for  carrying  on  the  work  to  be 
done  in  it  The  Royal  Society  was  unable  to  undertake  the 
maintenance  of  such  an  observatory;  but,  happily  for  science, 
the  zeal  of  individual  fellows  of  the  Koyal  Society  and  membeis 
of  the  British  Association  gave  the  initial  impulse,  supplied  the 
necessary  initial  funds,  and  recommended  their  new  institution 
successfully  to  the  fostering  care  of  the  British  Association. 
The  work  of  the  Kew  Observatory  has,  from  the  commencement, 
been  conducted  under  the  direction  of  a  committee  of  the  British 
Association :  and  annual  grants  from  the  funds  of  the  Association 
have  been  made  toward  defraying  its  expenses  up  to  the  present 
tima  To  the  initial  object  of  pendulum  research  was  added  con- 
tinuous observations  of  the  pnenomena  of  meteorology  and  ter- 
restrial magnetism,  and  the  construction  and  verification  of  ther- 
mometers, oarometers,  and  magnetometers  designed  for  accurate 
measurement  The  magnificent  services  which  it  has  rendered 
to  science  are  so  well  known  that  any  statement  of  them  which 
I  could  attempt  on  the  present  occasion  would  be  superfluous 
Their  value  is  due  in  a  great  measure  to  the  indefatigable  zeal 
and  the  great  ability  of  two  Scotchmen,  both  from  Eainbuigh, 
who  successfully  held  the  ofl&ce  of  Superintendent  of  the  Obser- 
tory  of  the  British  Association — Mr.  Welsh  for  nine  years,  until 
his  death  in  1859,  and  Dr.  Balfour  Stewart  from  then  until  the 
present  time.  Fruits  of  their  labors  are  to  be  found  all  through 
our  volumes  of  Eeports  for  these  twenty-one  years. 

The  institution  now  entei's  on  a  new  stage  of  its  existence 
The  noble  liberality  of  a  private  benefactor,  one  who  has  la- 
bored for  its  welfare  with  self-saciificing  devotion  uninterrait- 
tingly  from  within  a  few  years  of  its  creation,  has  given  it  a  per- 
manent independence,  under  the  general  management  of  a 
committee  of  the  Eoyal  Society.  Mr.  Gassiot's  gift  of  10,0001 
secures  the  continuance  at  Kew  of  the  regular  operation  of  the 
self-recording  instruments  for  observing  the  phenomena  of  ter- 
restrial magnetism  and  meteorology,  without  the  necessity  for 
further  support  from  the  British  Association. 

Physical  Observatories  and  Laboratories. 

The  success  of  the  Kew  Magnetic  and  Meteorological  Obser- 
vatory alfords  an  example  of  the  great  gain  to  be  earned  for 
science  by  the  foundation  of  physical  observatories  and  labora- 
tories for  experimental  research,  to  l)C  conducted  by  qualitit-d 
pei*sons,  whose  duties  should  be,  not  teaching,  but  experimenting. 
vVlu^ther  we  look  to  the  lu^nor  of  England,  jis  a  nation  which 
ought  always  to  be  the  foremost  in  promoting  physical  science, 
or  to  those  vast  economical  advantages  which  must  accrue  fn)m 
such  establishments,  we  cawwot  but  feel  that  experiment^il  re- 


Address  of  Sir  William  Thompson.  271 

search  ou^ht  to  be  made  with  us  an  object  of  national  concern, 
and  not  left,  as  hitherto,  exclusively  to  tlie  private  enterprise 
of  self-sacrificing  amateurs,  and  the  necessarily  inconsecutive 
action  of  our  present  governmental  departments  and  of  casual 
committees.  The  Council  of  the  Eoyal  Society  of  Edinburgh 
has  moved  for  this  object  in  a  memorial  presented  by  them  to 
the  Royal  Commision  on  Scientific  Education  and  the  Advance- 
ment oJF  Science.  The  Continent  of  Europe  is  referred  to  for 
an  example,  to  be  followed  with  advantage  in  this  country,  in 
the  following  words : — 

"  On  the  continent  there  exist  certain  institutions,  fitted  with 
instruments,  apparatus,  chemicals,  and  other  appliances,  which 
are  meant  to  be,  and  which  are  made,  available  to  men  of  science, 
to  enable  them,  at  a  moderate  cost,  to  pursue  original  researches." 

This  statement  is  fully  corroborated  by  information,  on  good 
authority,  which  I  have  received  from  Germany,  to  the  effect 
that  in  frussia  "every  university,  every  polytechnical  academy, 
every  industrial  school  {Realschule  and  Qewerbeschvie),  most  of 
the  grammer-schools,  in  a  word,  nearly  all  the  schools  superior 
in  rank  to  the  elementary  schools  of  the  common  people,  are 
supplied  with  chemical  laboratories  and  a  collection  of  philo- 
sophical instruments  and  apparatus,  access  to  which  is  most  lib- 
erally granted  by  the  directors  of  those  schools,  or  the  teachers 
of  the  respective  disciplines,  to  any  person  qualified,  for  scien- 
tific eocpervments.  In  consequence,  though  there  exist  no  particu- 
lar institutions  like  those  mentioned  in  the  memorial,  there  will 
scarcely  be  found  a  town  exceeding  5,000  inhabitants  but  of- 
fers the  possibility  of  scientific  explorations  at  no  other  cost  than 
reimbursement  of  the  expense  for  the  materials  wasted  in  the 
experiments." 

Further,  with  reference  to  a  remark  in  the  memorial  to  the 
effect  that  in  respect  to  the  promotion  of  science,  the  British 
Government  connnes  its  action  almost  exclusively  to  scientific 
instruction,  and  fatally  neglects  the  advancement  of  science,  my 
informant  tells  me  that,  in  Germany,  "  professors,  preceptors, 
and  teachers  of  secondary  schools  are  engaged  on  account  of  their 
skilfulness  in  teadiing ;  but  professors  of  universities  are  never 
engaged  unless  they  have  already  proved,  hy  their  own  investi- 
gations^ that  they  are  to  be  relied  upon  for  the  advancement  of 
mence.  Therefore  every  shilling  spent  for  instruction  in  uni- 
versities is  at  the  same  time  profitable  to  the  advancement  of 
acienca" 

The  physical  laboratories  which  have  grown  up  in  the  Uni- 
versities of  Glasgow  and  Edinburgh,  and  in  Owen's  College, 
Manchester,  show  the  want  felt  of  colleges  of  research;  but 
they  go  but  infinitesimally  toward  supplying  it,  being  absolutely 
iestitute  of  means,  material  or  personal,  for  advancing  science 
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except  at  the  expense  of  volunteera,  or  Becurinff  liiat  vcdimteen 
shaif  be  found  to  continue  even  such  little  work  as  ai  preaeiitiB 
carried  on. 

The  whole  of  Andrew's  splendid  work  in  Queen's  CoB^ 
Belfast,  has  been  done  under  great  difSjculties  and  disadvantagOi 
and  at  great  personal  sacrifices ;  and  up  to  the  present  time  tbeie 
is  not  a  student's  physioEd  laboratory  m  any  one  of  the  Qoeen'i 
Colleges  in  Ireland — a  want  which  surely  ought  not  to  remam 
unsupplied.  Each  of  these  institutions  (the  four  Scotch  unira^ 
sities,  the  three  Queen's  Coll^;es,  and  Owen's  CoUwe,  Man- 
chester) reauires  two  professors  of  Natural  Philoeopny— one 
who  shall  be  responsible  for  the  teaching,  the  other  lor  the 
advancement  of  science  b^  experiment  The  Umvcrsity  of 
Oxford  has  already  established  a  physical  labozatoi^.  The 
munificence  of  its  Chancellor  is  about  to  supply  the  Uniyendty 
of  Cambridge  with  a  splendid  laboratory,  to  be  constructed 
under  the  eye  of  Prof  Clerk  Maxwell.  On  this  subject  I  shall 
say  no  more  at  present,  but  simply  read  a  sentence  which  was 
spoken  by  Lord  Milton  in  the  first  Presidential  Address  to  the 
British  Association,  when  it  met  at  York  in  the  year  18S1  :— 
''  In  addition  to  other  more  direct  benefits,  these  meetings  [of 
the  British  Association],  I  hope,  will  be  the  means  of  impresBong 
on  the  Gk>yemment  tiie  conyiction,  that  the  loye  of  scientific 
pursuits,  and  the  means  of  pursuing  them,  are  not  confined  to 
the  metropolis ;  and  I  hope  that  when  the  Qovemment  is  fiilly 
impressed  with  the  knowledge  of  the  great  desire  entertained  to 
promote  science  in  every  part  of  the  empire,  they  will  see  the 
necessity  of  affording  it  due  encouragement,  and  of  giving  every 
proper  stimulus  to  its  advancement 

Besides  abstracts  of  papers  read,  and  discussions  held,  before 
the  Sections,  the  annual  Reports  of  the  British  Association 
contain  a  large  mass  of  valuable  matter  of  another  class.  It 
was  an  early  practice  of  the  Association,  a  practice  that  might 
well  be  further  developed,  to  call  occasionally  for  a  special  re- 
port on  some  particular  branch  of  science  firom  a  man  eminently 
qualified  for  the  task.  The  reports  receiyed  in  compliance 
with  these  invitations  have  all  done  good  service  in  their  time, 
and  they  remain  permanently  useful  as  landmarks  in  the  history 
of  science.  Some  of  them  nave  led  to  vast  practical  results; 
others  of  a  more  abstract  character  are  valuable  to  this  day  as 
powerful  and  instructive  condensations  and  expositions  of  tbe 
oranclies  of  science  to  which  they  relate.     I  cannot  better  illus- 


namics, 
Magnetism,'  (1838). 
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To  the  great  value  of  the  former,  personal  experience  of  bene- 
fit receiv^  enables  me,  and  gratitude  impels  me,  to  testify. 
In  a  few  pages  fiiU  of  precious  matter,  the  generalized  dynam- 
ical equations  of  Lagranee,  the  great  principle  evolved  from 
Maupertius*  "  least  action  by  Hamilton,  and  the  later  devel- 
opments and  applications  of  the  Hamiltonian  principle  by  other 
authors,  are  described  by  Cayley  so  suggestively  that  the  read- 
ing of  thousands  of  quarto  pages  of  papers  scattered  through 
the  transactions  of  the  various  learned  societies  of  Europe  is 
rendered  superfluous  for  any  one  who  desires  only  the  essence 
of  these  investigations,  with  no  more  of  detail  than  is  necessary 
for  a  thorough  and  practical  understanding  of  the  subject 

Terrestrial  Magnetism. 

Sabine's  Report  of  1888  concludes  with  the  following  sen- 
tence : — "  Viewed  in  itself  and  its  various  relations,  the  mag- 
netism of  the  earth  cannot  be  counted  less  than  one  of  the  most 
important  branches  of  the  physical  history  of  the  planet  we  in- 
haoit ;  and  we  may  feel  quite  assured  that  the  completion  of 
our  knowledge  of  its  distribution  on  the  surface  of  the  earth  would 
be  regarded  oy  our  contemporaries  and  by  posterity  as  a  fitting 
enterprise  of  a  maritime  people,  and  a  wortny  achievement  of  a 
nation  which  has  ever  sought  to  rank  foremost  in  every  arduous 
and  honorable  undertaking."  An  immediate  result  of  this  re- 
port was  that  the  enterprise  which  it  proposed  was  recommended 
to  the  Government  by  a  joint  Committee  of  the  British  Asso- 
ciation and  the  Royal  Society  with  such  success,  that  Capt 
James  Ross  was  sent  in  command  of  the  Erebus  and  Terror  to 
make  a  magnetic  survey  of  the  Antarctic  regions,  and  to  plant 
on  his  way  three  magnetical  and  meteorological  observatories, 
at  St  Helena,  the  Cape,  and  Van  Diemen's  Land.  A  vast  mass 
of  precious  observations,  made  chiefly  on  board  ship,  were 
brought  home  from  this  expedition.  To  deduce  the  desired 
results  from  them,  it  was  necessary  to  eliminate  the  disturbance 
produced  by  the  ship's  magnetism ;  and  Sabine  asked  his  friend 
Archibald  Smith  to  work  out  from  Poisson's  mathematical 
theory,  then  the  only  available  guide,  the  formulsB  required 
for  the  purpose.  This  voluntary  task  Smith  executed  skillfully 
and  successfully.  It  was  the  beginning  of  a  series  of  labors 
carried  on  with  most  remarkable  practical  tact,  with  thorough 
analytical  skill,  and  with  a  rare  extreme  of  disinterestedness, 
in  ttie  intervals  of  an  arduous  profession,  for  the  purpose  of  per- 
fecting and  simplifying  the  correction  of  the  mariner^s  compass 
— a  problem  whicn  had  become  one  of  vital  importance  for 
navigation,  on  account  of  the  introduction  of  iron  ships.  Edi- 
tion after  edition  of  the  *  Admiralty  Compass  Manual  *  has  been 
produced  by  the  able  Superintendent  of  the  Compass  Depart- 
ment, Capt  Evans,  containing  chapters  of  mathematical  investi- 
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gation  and  formulsB  by  Smith,  on  which  depend  wholly  tte 
practical  analysis  of  compass  observations  and  rules  for  the  safe 
use  of  the  compass  in  navigation.  I  firmly  believe  that  it  is  to 
the  thoroughly  scientific  method  thus  adopted  by  the  Admir- 
alty that  no  iron  ship  of  her  Majesty's  Navy  has  ever  been  lost 
through  errors  of  the  compass.  The  *  British  Admiralt}'  Com- 
pass Manual '  is  adopted  as  a  guide  by  all  the  navies  of  the 
world.  It  has  been  translated  into  Russian,  Q-erman,  and  Por- 
tuguese ;  and  it  is  at  present  being  translated  into  French.  The 
British  Association  may  be  gratified  to  know  that  the  possi- 
bility of  navigating  ironclad  war-ships  with  safety  depends  on  the 
application  of  scientific  principles  given  to  the  world  by  three 
mathematicians,  Poisson,  Airy,  and  Archibald  Smith. 

Returning  to  the  science  of  terrestrial  magnetism,  we  find  in 
the  reports  of  early  years  of  the  British  Association  ample  evi- 
dence of  its  diligent  cultivation.  Many  of  the  chief  scientific 
men  of  the  day  from  England^  Scotland,  and  Ireland  found  a 
strong  attraction  to  the  Association  in  the  facilities  which  it 
afforded  to  them  for  cooperating  in  their  work  on  this  subject 
Lloyd,  Phillips,  Fox,  Ross,  and  Sabine  made  magnetic  obsCTva- 
tions  all  over  Great  Britain ;  and  their  results,  collected  by  Sa- 
bine, gave  for  the  first  time  an  accurate  and  complete  survey 
of  terrestrial  magnetism  over  the  area  of  this  island.  I  am  in- 
formed, by  Prof  Phillips,  that,  in  the  beginning  of  the  Associ- 
ation, Herschel,  though  a  "  sincere  well-wisher,"  felt  doubt  as 
to  the  general  utility  and  probable  success  of  the  plan  and  pur- 

Eose  proposed ;  but  his  zeal  for  terrestrial  magnetism  brought 
im  from  being  merely  a  sincere  well-wisher  to  join  actively 
and  cordially  in  the  work  of  the  Association.  **  In  1838  lie 
began  to  give  effectual  aid  in  the  great  question  of  magnetical 
observatories,  and  was  indeed  foremost  among  the  supporters 
of  that  which  is  really  Sabine's  great  work.  At  intervals,  until 
about  1858,  Herschel  continued  to  give  effectual  aid."  Sabine 
has  carried  on  liis  great  work  without  intermission  to  the  pres- 
ent day ;  thirty  years  ago  he  gave  to  Gauss  a  large  part  of  the 
data  required  for  working  out  the  spherical  hannonic  analysis 
of  terrcb'trial  magnetism  over  the  whole  eartL  A  recalculation 
of  the  harmonic  analysis  for  the  altered  state  of  terrestrial  mag- 
netism of  the  present  time  lia.s  been  undertaken  by  Adams* 
He  writes  to  me  that  he  has  *^  already  begun  some  of  the  intro- 
ductorv  work,  so  as  to  be  readv.  when  Sir  Edward  Sabine's 
tables  of  the  values  of  the  magnetic  elements  deduced  In^m 
observation  are  completed,  at  once  to  make  use  of  them,"  and 
that  he  intends  to  take  into  account  terms  of  at  least  one  order 
beyond  those  included  hv  Gauss.  The  form  in  which  the  re- 
uisite  data  are  to  be  presented  to  him  is  a  magnetic  chart  of 
e  whole  surface  of  the  globe.     Materials  from  scientific  tniv- 
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elers  of  all  nations,  from  our  home  magnetic  observatories, 
from  the  magnetic  observatories  of  St  Helena,  the  Cape,  Van 
Diemen's  Land,  and  Toronto,  and  from  the  scientific  observa- 
tories of  other  countries,  have  been  brought  together  by  Sabine. 
Silently,  day  after  day,  night  after  night,  for  a  quarter  of  a  cen- 
tury, he  has  toiled  with  one  constant  assistant  always  by  his 
side,  to  reduce  these  observations  and  prepare  for  the  great  work. 
At  this  moment,  while  we  are  here  assembled,  I  believe  that,  in 
their  quiet  summer  retirement  in  Wales,  Sir  Edward  and  Lady 
Sabine  are  at  work  on  the  magnetic  chart  of  the  world.  «  If  two 
years  of  life  and  health  are  granted  to  them,  science  will  be 
provided  with  a  key  which  must  powerfully  conduce  to  the 
ultimate  opening  up  of  one  of  the  most  refractory  enigmas  of 
cosmical  pnysics,  the  cause  of  terrestrial  magnetism. 

To  give  any  sketch,  however  slight,  of  scientific  investigation 
^rformed  during  the  past  year,  would,  even  if  I  were  competent 
lor  the  task,  far  exceed  the  limits  within  which  I  am  confined 
on  the  present  occasion.  A  detailed  account  of  work  done  and 
knowledge  gained  in  science  Britain  ought  to  have  every  year. 
The  Journal  of  the  Chemical  Society  and  the  2joological  Record 
do  excellent  service  by  giving  abstracts  of  all  papers  published 
in  their  departments.  The  admirable  example  afforded  by  the 
German  Fortschritie  and  Jahresbericht  is  before  us ;  but  hitherto, 
so  far  as  I  know,  no  attempt  has  been  made  to  follow  it  in  Brit- 
ain. It  is  true  that  several  of  the  annual  volumes  of  the  Jah- 
resbericht were  translated ;  but  a  translation,  published  necessar- 
ily at  a  considerable  interval  of  time  afl;er  tne  original,  cannot 
supply  the  want.  An  independent  British  publication  is  for 
many  obvious  reasons  desirable.  The  two  publications,  in  Ger- 
man and  English,  would,  both  by  their  differences  and  by  their 
agreements,  illustrate  the  progress  of  science  more  correctly  and 
usefully  than  any  single  work  could  do,  even  if  appearing  sim- 
ultaneously in  the  two  languages.  It  seems  to  me  that  to  pro- 
mote the  establishment  of  a  British  year-book  of  science  is  an 
object  to  which  the  powerful  action  of  the  British  Association 
would  be  thoroughly  appropriate. 

In  referring  to  recent  advances  in  several  branches  of  science, 
I  simply  choose  some  of  these  which  have  struck  me  as  most 
notable. 

Accurate  and  minute  measurement. 

Accurate  and  minute  measurement  seems  to  the  non-scien- 
tific imagination  a  less  lofty  and  dignified  work  than  looking 
for  something  new.  But  nearly  all  the  grandest  discoveries  of 
science  have  been  but  the  rewards  of  accurate  measurement  and 
patient  long-continued  labor  in  the  minute  sifting  of  numerical 
results.  The  popular  idea  of  Newton^s  grandest  discovery  is 
that  the  theory  of  gravitation  flashed  into  his  mind,  and  so  the 
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discovery  was  made.  It  was  by  a  long  train  of  mathematical 
calculation,  founded  on  results  accumulated  through  prodigious 
toil  of  practical  astronomers,  that  Newton  first  demonstrated  the 
forces  urging  the  planets  towards  the  Sun,  determined  the  mag- 
nitudes of  those  forces,  and  discovered  that  a  force  foUowins 
the  same  law  of  variation  with  distance  uiges  the  Moon  toward 
the  Earth.  Then  first,  we  may  suppose,  came  to  him  the  idea 
of  the  universality  of  gravitation  ;  out  when  he  attempted  to 
compare  the  magnitude  of  the  force  on  the  Moon  with  the  mag- 
nitude of  the  force  of  gravitation  of  a  heavy  body  of  equal  mass 
at  the  Earth  s  surface,  he  did  not  find  the  agreement  which  the 
law  he  was  discovering  required.  Not  for  years  after  would 
he  publish  his  discovery  as  made.  It  is  recounted  that,  being 
present  at  a  meeting  of  the  Royal  Society,  he  heard  a  paper 
read,  describing  geodesic  measurement  by  ricard,  which  led  to 
a  serious  correction  of  the  previously  accepted  estimate  of  the 
Earth's  radius.  This  was  what  Newton  required.  He  went 
home  with  the  result,  and  commenced  his  calculations,  but  felt 
so  much  agitated  that  he  handed  over  the  arithmetical  work  to 
a  friend :  then  (and  not  when,  sittmg  in  a  garden,  he  saw  an 
apple  fall)  did  he  ascertain  that  gravitation  keeps  the  Moon  in 
her  orbit 

Faraday^s  discovery  of  specific  inductive  capacity,  which 
inaugiu'ated  the  new  philosophy  tending  to  discard  action  at  a 
distance,  was  the  result  of  minute  and  accurate  measurement  of 
electric  forces. 

Joule's  discovery  of  thermo-dynamic  law  through  the  regions 
of  electro-chemistry,  electro-magnetism,  and  elasticity  of  gases, 
was  based  on  a  delicacy  of  thermometry  which  seemed  simply 
ini]X)ssible  to  some  of  the  most  distinguished  chemists  of  the 
day. 

Andrew's  discovery  of  the  continuity  between  the  gaseous 
and  liquid  states  was  worked  out  by  many  years  of  laborious 
and  minute  measurement  of  phenomena  scarcely  sensible  to  the 
naked  eye. 

Great  service  has  been  done  to  science  by  the  British  Associ- 
ation in  promoting  aecui*ate  measurement  in  various  subjects. 
The  origm  of  exact  science  in  terrestrial  mametism  is  trace:\ble 
to  Gauss's  invention  of  methods  of  finding  the  magnetic  iuteii- 
sitv  in  absolute  measure.  I  have  spoken  of  the  great  work 
done  by  the  British  Association  in  carrying  out  the  application 
of  this  invention  in  all  parts  of  the  worlcL  Gauss's  colleague 
in  the  German  Ma^^netie  Union,  Weber,  extended  the  practice 
of  absolute  meiisurenient  to  electric  currents,  the  resistance  of 
an  electric  conductor,  and  the  electromotive  Ibrce  of  a  galvanic 
element  He  showed  the  relation  beween  electrostatic  and  elec- 
tromagnetic units   for  absolute   measurement,  and   made  the 
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beautiful  discovery  that  resistance,  in  absolute  electromagnetic  • 
measure,  and  the  reciprocal  of  resistance,  or,  as  we  call  it,  "con- 
ducting power,"  in  electrostatic  measure,  are  each  of  them  a 
velocity.     He  made  an  elaborate  and  difficult  series  of  experi- 
ments to  measure  the  velocity  which  is  equal  to  the  conducting 
power  in  electrostatic   measure,  and  at  the  same  time  to  the 
resistance  in  electromagnetic  measure,  in  one  and  the  same  con- 
ductor.    Maxwell,  in  making  the  first  advance  along  a  road  of 
which  Faraday  was  the  pioneer,  discovered  that  this  velocity  is 
physically  related  to  the  velocity  of  light,  and  that,  on  a  cer- 
tain hypothesis  regarding  the  elastic  medium  concerned,  it  may 
be  exactly  equal  to  the  velocity  of  light     Weber's  measure- 
ment verities  approximately  this  equality,  and  stands  in  science 
monumentum  a^re  perennius^  celebrated  as  having  suggested  this 
most  grand  theoiy,  and  as  having  aitbrded  the  first  quantitative 
test  of  the  recondite  properties  of  matter  on  which  the  relations 
between  electricity  and   light  depend.     A  re-measurement  of 
Weber's  critical  velocity  on  a  new  plan  by  Maxwell  himself, 
and  the  important  correction  of  the  velocity  of  light  by  Fou- 
cault's  laboratory  experiments,  verified  by  astronomical  obser- 
vation, seems  to  show  a  still  closer  agreement     The  most  accu- 
rate possible  determination  of  Weber's  critical  velocity  is  just 
now  a  primary  object  of  the  Association's  Committee  on  Electric 
Measurement;  and  it  is  at  present  premature  to  speculate  as  to 
the  closeness  of  the  agreement  between  that  velocity  and  the 
velocity  of  light     This  leads  me  to  remark  how  much  science, 
even  in  its  most  lofty  speculations,  gains  in  return  for  benefits 
conferred  by  its  application  to  promote  the  social  and  material 
welfare  of  man.     Those  who  perilled  and  lost  their  money  in 
the  original  Atlantic  telegraph  were  impelled  and  supported 
by  a  sense  of  the  grandeur  of  their  entei-prise,  and  of  the  world- 
wide benefits  which  must  flow  from  its  success ;  they  were,  at 
the  same  time,  not  unmoved  by  the  beauty  of  the  scientific  pro- 
blem directly  presented  to  them ;   but  they  little  thought  that 
it  was  to  be  immediately,  through  their  work,  that  the  scientific 
world  was  to  be  instructed  in  a  long-neglected  and  discredited 
fundamental  electric  discovery  of  Faraday's,  or  that  again,  when 
the  assistance  of  the  British  Association  was  invoked  to  sup- 
ply their  electricians  with  methods  for  absolute  measurement 
(which  they  found  necessary  to  secure  the  best  economical  re- 
turn for  their  expenditure,  and   to  obviate  and  detect  those 
faults  in  their  electric  material  which  had  led  to  disaster),  they 
were  laying  the  foundation  for  accurate  electric  measurement 
in  everv  scientific  laboratory  in  the  world,  and  initiating  a 
train  oi  investigation  which  now  sends  up  branches  into  the 
loftiest  regions  and  subtlest  ether  of  natural  philosophy.     Long 
may  the  British  Association  continue  a  bond  of  union,  and  a 
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medium  for  the  interchange  of  good  offices  between  science  and 
the  world ! 

Kinetic  Theorj  of  Gaaea — Atom^ 

The  greatest  achievement  yet  made  in  molecular  theory  of  the 
properties  of  matter  is  the  kinetic  theory  of  gases,  shadowed 
lortn  by  Lucretius,  definitely  stated  by  Daniel  Bernoulli,  lai^y 
developed  by  Herapath,  made  a  reanty  by  Joule,  and  wonccd 
out  to  its  present  advanced  state  by  Clausius  and  Maxwell 
Joule,  from  his  dynamical  equivalent  of  heat,  and  his  experi- 
ments upon  the  heat  produced  by  the  condensation  of  gas,  was 
able  to  cijtimate  the  average  velocity  of  the  ultimate  molecule? 
or  atoms  composing  it.  His  estimate  for  hydrogen  was  6,225 
feet  per  second  at  temperature  60°  Fahr.,  and  6,055  feet  per  sec- 
ond at  the  freezing  point  Clausius  took  fully  into  account 
the  impacts  of  molecules  on  one  another,  and  the  kinetic  energy 
of  relative  motions  of  the  matter  constituting  an  individual 
atom.  He  investigated  the  relation  between  their  diameters, 
the  number  in  a  given  space,  and  the  mean  length  of  path  frtan 
impact  to  impact,  and  so  gave  the  foundation  for  estimates  of 
the  absolute  dimensions  of  atoms,  to  which  I  shall  refer  later. 
He  explained  the  slowness  of  gaseous  difl'usion  by  the  mutual 
impacts  of  the  atoms,  and  laid  a  secure  foundation  for  a  complete 
theory  of  the  difiusion  of  fluids,  previously  a  most  refractory 
enigma.  The  deeply  penetrating  genius  of  Maxwell  brought 
in  viscosity  and  thermal  conductivity,  and  thus  completed  ibe 
dynamical  explanation  of  all  the  known  properties  of  gases,  ex- 
cept their  electric  resistance  and  brittleness  to  electric  forca 

ISO  such  comprehensive  molecular  theoiy  had  ever  been  eveu 
imagined  before  the  nineteenth  century,  befinite  and  complete 
in  its  area  as  it  is,  it  is  but  a  well-drawn  part  of  a  great  chart, 
in  which  all  physical  science  will  be  represented  with  ever? 
pioperty  of  matter  shown  in  dynamical  relation  to  the  whole. 
The  prospect  wc  now  have  of  an  early  completion  of  this  chart 
is  l.>ased  on  the  assumption  of  atoms.  But  there  can  be  no  per- 
manent satisfaction  to  the  mind  in  explaining  heat,  light,  elas- 
ticity, dilfusion,  electricity  and  magnetism  in  gases,  liquids, 
and  solids,  and  describing  precisely  the  relations  of  these  (hf- 
fereut  states  of  matter  to  one  another  bv  statistics  of  great  num- 
bers of  atoms,  when  the  properties  of  the  atom  itself  are  simplv 
assumed.  When  the  theory,  of  which  we  have  the  first  install- 
nieut  in  Clausius  and  Maxwell's  work,  is  complete,  'we  are  but 
brought  face  to  face  with  a  superlatively  grand  question, — what 
is  the  inner  mechanism  of  the  atom? 

In  the  answer  to  this  question  we  must  find  the  explanation 
not  oiilv  of  the  atomic  elasticitv,  by  which  the  atom  is  a  chron- 
ometrie  viV)rator,  accordincr  to  Stoke's  discovery,  but  of  chemical 
affinity  and  of  the  dill'erenees  of  quality  of  different  chemical 
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mts,  at  present  a  mere  mystery  in  science.  Helmholtz's 
isite  theory  of  vortex-motion  in  an  incompressible  friction- 
liquid  has  been  suggested  as  a  finger-post,  pointing  a 
w^hich  may  possibly  lead  to  a  full  understanding  of  the 
srties  of  atoms,  carrying  out  the  grand  conception  of  Lu- 
is, who  *' admits  no  subtle  ethers,  no  variety  of  elements 
fiery,  or  watery,  or  light,  or  heavy  principles;  nor  sup- 
light  to  be  one  thing,  fire  another,  electricity  a  fluid,  mag- 
n  a  vital  principle ;  but  treats  all  phenomena  as  mere  prop- 
.  or  accidents  of  simple  matter."  This  statement  I  taxe 
an  admirable  paper  on  the  atomic  theory  of  Lucretius,  which 
ired  in  the  North  British  Review  for  March,  1868,  contain- 
most  interesting  and  instructive  summary  of  ancient  and 
trn  doctrine  regarding  atoms.  Allow  me  to  read  from 
irticle  one  other  short  passage,  finely  describing  the  pres- 
spect  of  atomic  theory : — "  The  existence  of  the  chemical 
,  already  quite  a  complex  little  world,  seems  very  probable ; 
he  description  of  the  Lucretian  atom  is  wonderfully  ap- 
t)le  to  it  We  are  not  wholly  without  hope  that  the  real 
it  of  each  such  atom  may  some  day  be  known — not  merely 
3lative  weight  of  the  several  atoms,  but  the  number  in  a 
I  volume  of  any  material ;  that  the  form  and  motion  of  the 
of  each  atom  and  the  distances  by  which  they  are  sepa- 
may  be  calculated ;  that  the  motions  by  which  they  pro- 
heat,  electricity,  and  light  mav  be  illustrated  by  exact 
etrical  diagrams ;  and  that  the  nmdamental  properties  of 
itermediate  and  possibly  constituent  medium  may  be  ar- 
at  Then  the  motion  of  planets  and  music  of  the  spheres 
>e  neglected  for  a  while  in  admiration  of  the  maze  in  which 
ny  atoms  run." 

en  before  this  was  written  some  of  the  anticipated  results 
)een  partially  attained.  Loschmidt  in  Vienna  had  shown, 
lot  much  later  Stoney  independently  in  England  showed, 
bo  deduce  from  Clausius  and  Maxwell's  kinetic  theory  of 
a  superior  limit  to  the  number  of  atoms  in  a  given  meas- 
e  space.  I  was  unfortunately  quite  unaware  of  what 
imidt  and  Stoney  had  done  when  I  made  a  similar  esti- 
on  the  same  foundation,  and  communicated  it  to  Nature^ 
article  *0n  the  size  of  atoms.'  But  questions  of  personal 
ity,  however  interesting  they  may  be  to  the  persons  con- 
d,  sink  into  insignificance  in  the  prospect  of  any  gain  of 
5r  insight  into  the  secrets  of  natura  The  triple  coincidence 
lependent  reasoning  in  this  case  is  valuable  as  confirmation 
conclusion  violently  contravening  ideas  and  opinions 
1  had  been  almost  universally  held  regarding  the  dimen- 
of  the  molecular  structure  of  matter.  Chemists  and  other 
alists  had  been  in  the  habit  of  evading  questions  as  to  the 
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liardness  or  indivisibility  of  atoms  by  virtually  assuming  tbemto 
be  infinitely  small  and  infinitely  numerous.  We  must  now  no 
longer  look  uj^on  the  atom,  witn  Boscovich,  as  a  mystic  point 
endowed  with  inertia  and  the  attribute  of  attracting  or  repelling 
other  such  centers  with  forces  depending  upon  the  intervening 
distances  (a  supposition  only  tolerated  with  the  tacit  assumption 
that  the  inertia  and  attraction  of  each  atom  is  infinitely  small 
and  the  number  of  atoms  infinitelv  great),  nor  can  we  agree 
with  those  who  have  attributed  to  the  atom  occupation  of  space 
with  infinite  hardness  and  strength  (incredible  in  any  finite 
■body) ;  but  we  must  realize  it  as  a  piece  of  matter  of  m&Sr 
urable  dimensions,  with  shape,  motion,  and  laws  of  action,  in- 
telligible subjects  of  scientific  investigation. 

Spectrum  AnaljsiB. 

The  prismatic  analysis  of  light  discovered  by  Newton  was 
estimated  by  himself  as  being  "  the  oddest,  if  not  the  most  con- 
siderable, detection  which  had  hitherto  been  made  in  the  opera- 
tions of  nature." 

Had  he  not  been  deflected  from  the  subject,  he  could  not 
have  failed  to  obtain  a  pure  spectrum ;  but  this,  with  the  in- 
evitably consequent  discovery  of  the  dark  lines,  was  reserved 
for  the  nineteenth  century.  Our  fundamental  knowledge  of 
the  dark  lines  is  due  solely  to  Fraunhofer.  Wollaston  saw 
them,  but  did  not  discover  them.  Brewster  labored  long  and 
well  to  perfect  the  prismatic  analysis  of  sunlight ;  and  his  ob- 
servations on  the  dark  bands  produced  by  the  absorption  of 
inteiT)osed  gases  and  vapors  laid  important  foundations  for  the 
grand  superstructure  which  he  scarcely  lived  to  see.  Piazzi 
Smytli,  by  spectroscopic  observation  performed  on  the  Peak  oi 
Teneritlc,  added  greatly  to  our  knowledge  of  the  dark  lines 
produced  in  the  solar  spectrum  by  the  absoiption  of  our  own 
atmosphere.  The  prism  became  an  instrument  for  chemical 
qualitative  analysis  in  the  hands  of  Fox,  Talbot  and  Hersobel, 
who  first  showed  how  through  it  the  old  "  blowpipe  test,"  or 
generally  the  estimation  of  substances  from  the  colors  which 
they  give  to  flames,  can  be  prosecuted  with  an  accuracy  and  a 
discriminating  power  not  to  be  attained  when  the  color  is 
judged  by  the  unaided  eye.  But  the  application  of  this  test  to 
solar  and  stellar  chemistry  had  never,  I  believe,  been  suggested, 
eitlicr  directly  or  indirectly,  by  any  other  naturalist,  when 
Stokes  taught  it  to  me  in  Canibridge,  at  some  time  prior  to 
the  summer  of  1852.  The  observational  and  experimental 
foundations  on  which  he  built  were: — 

(1)  The  discovery  bv  Fraunhofer  of  a  coincidence  between 
his  double  dark  line  D  of  the  solar  spectrum  and  a  double  briglit 
line  which  he  observed  in  the  spectra  of  ordinary  artiliciaJ 
flames. 
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(2)  A  very  rigorous  experimental  test  of  this  coincidence  by 
Prof.  W.  H.  Miller,  whicn  showed  it  to  be  accurate  to  an  as- 
tonishing degree  of  minutenesa 

(8)  The  fact  that  the  yellow  light  given  out  when  salt  is 
thrown  on  burning  spirit  consists  almost  solely  of  the  two 
nearly  identical  qualities  which  constitute  that  double  bright 
line 

(4^  Observations  made  by  Stokes  himself,  which  showed  the 
brignt  line  D  to  be  absent  in  a  candle-flame  when  the  wick  was 
Bnuffed  clean,  so  as  not  to  project  into  the  luminous  envelope, 
and  from  an  alcohol  flame  when  the  spirit  was  burned  in  a 
watch-glass.     And, 

(5)  Foucault's  admirable  discovery  {L Institute  Feb.  7,  1849), 
that  the  voltaic  arc  between  charcoal  points  is  "a  medium 
which  emits  the  rays  D  on  its  own  account,  and  at  the  same 
time  absorbs  them  when  they  come  from  another  quarter." 

The  conclusions,  theoretical  and  practical,  which  Stokes 
taught  me,  and  which  I  gave  regularly  afterwards  in  my  pub- 
lic lectures  in  the  University  of  Glasgow,  were : — 

(1)  That  the  double  line  D,  whether  bright  or  dark,  is  due 
to  vapor  of  sodium. 

(2)  That  the  ultimate  atom  of  sodium  is  susceptible  of  reg- 
ular elastic  vibrations,  like  those  of  a  tuning-fork  or  of  stringed 
musical  instruments ;  that  like  an  instrument  with  two  strings 
tuned  to  approximate  unison,  or  an  approximately  circular 
elastic  disc,  it  has  two  fundamental  notes  or  vibrations  of  ap- 
proximately equal  pitch ;  and  that  the  periods  of  these  vibra- 
tions are  precisely  the  periods  of  the  two  slightly  different  yel- 
low lights  constituting  the  double  bright  line  D. 

(8)  That  when  vapor  of  sodium  is  at  a  high  enough  tempera- 
ture to  become  itself  a  source  of  light,  each  atom  executes  these 
two  fundamental  vibrations  simultaneously ;  and  that  therefore 
the  light  proceeding  fn)m  it  is  of  the  two  qualities  constituting 
the  double  bright  line  D. 

(4)  That  when  vapor  of  sodium  is  present  in  space  across 
which  light  from  another  source  is  propagated,  its  atoms,  ac- 
cording to  a  well-known  general  principle  of  dynamics,  are  set 
to  vibrate  in  either  or  both  of  those  fundamental  modes,  if  some 
of  the  incident  light  is  of  one  or  other  of  their  periods,  or 
some  of  one  and  some  of  the  other;  so  that  the  energy  of  the 
waves  of  those  particular  Qualities  of  light  is  converted  into 
Uiennal  vibrations  of  the  medium,  and  dispersed  in  all  directions, 
while  light  of  all  other  qualities,  even  though  very  nearly  agree- 
ing with  them,  is  transmitted  with  comparatively  no  loss. 

(5)  That  Fraunhofer's  double  dark  line  D  of  solar  and  stellar 
spectra  Ib  due  to  the  presence  of  vapor  of  sodium  in  atmospheres 
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surrounding  the  sun  and  those  stars  in  whose  spectra  it  bd 
been  observed. 

(6)  That  other  vapors  than  sodium  are  to  be  found  in  the 
atmospheres  of  sun  and  stars  by  searching  for  substances  pro- 
ducing in  the  spectra  of  artificial  flames  bright  lines  coinciaing 
with  other  dark  lines  of  the  solar  and  stellar  spectra  than  the 
Fraunhofer  line  D. 

The  last  of  these  propositions  I  felt  to  be  confirmed  (it  was, 
perhaps,  partly  suggested)  by  a  striking  and  beautiful  experi- 
ment, admirably  adapted  for  lecture  illustrations,  due  to  Fou- 
cault,  which  had  been  shown  to  me  by  M.  Duboscque  Soleil 
and  the  Abbe  Moigno,  in  Paris,  in  the  month  of  October,  1850. 
A  prism  and  lenses  were  arranged  to  throw  upK>n  a  screen  an 
approximately  pure  spectrum  of  a  vertical  electric  arc  between 
charcoal  poles  of  a  powerful  battery,  the  lower  one  of  which 
was  hollowed  like  a  cup.  When  pieces  of  copper  and  pieces  rf 
zinc  were  separately  thrown  into  the  cup,  the  spectrum  ex- 
hibited, in  perfectly  definite  positions,  magnificent  well-marked 
bands  of  different  colors  characteristic  of  the  two  metals.  When 
a  piece  of  brass,  compounded  of  copper  and  zinc,  was  put  into 
the  cup,  the  spectnim  showed  all  the  bands,  each  precisely  in 
ihe  place  in  which  it  had  been  seen  when  one  metal  or  the  other 
had  oeen  used  separately. 

It  is  much  to  be  r^retted  that  this  great  generalization  was 
not  published  to  the  world  twenty  years  ago.  I  say  this,  not 
because  it  is  to  be  regretted  that  Angstrom  should'  have  the 
cre<lit  of  having,  in  1853,  published  independently  the  statement 
that  "an  incandescent  gas  emits  luminous  raj's  of  the  same 
i-efrangibility  as  those  which  it  can  absorb '' ;  or  that  Balfour 
Stewart  should  have  been  unassisted  by  it  when,  coming  to  the 
subject  from  a  verv  ditierent  point  of  view,  he  made,  in  his 
extension  of  the  *  'theory  of  Exchanges '  {JSdin.  Transactions, 
18oS-o9)  the  still  wider  generalization  that  the  radiating  power 
of  every  kind  of  substance  is  equal  to  its  absorbing  power  for 
every  kind  of  rav :  or  that  Kirclihoff  also  should  have,  in  1859, 
independently  discovered  the  same  proposition,  and  shown  its 
application  to  solar  and  stellar  chemistry;  but  because  we 
might  now  l>e  in  possession  of  the  inconceivable  riches  of  astro- 
nomical results  wnieh  we  expect  from  the  next  ten  vears'  in- 
vest iirat  ion  bv  sjvctrum  analysis,  had  Stokes  given  his  theory 
to  the  world  when  it  tii-st  occurred  to  him. 

To  KiivhhotV  belongs,  I  believe,  solely  the  great  credit  of 
havinuf  lirst  aotuallv  souirlit  for  and  found  other  metals  than 
sodium  in  the  sun  bv  the  method  of  spectrum  analysis.  His 
publioation  o(  Oviohcv,  1859.  inaugurated  the  practice  of  soiar 
and  stellar  chemistry,  and  gave  spectnim  analysis  an  impulse  tt» 
which  in  a  great  measure  is  due  its  splendidly  successful  cul- 
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ivation  by  the  labors  of  many  able  investigators  within  the  last 
en  years. 

To  prodigious  and  wearing  toil  of  Kirchhoff  himself,  and  of 
Angstrom,  we  owe  large-scale  maps  of  the  solar  spectrum,  in- 
»mparably  superior  in  minuteness  and  accuracy  of  delineation 
o  anything  ever  attempted  previously.  These  maps  now  con- 
rtitute  the  standards  of  reference  for  all  workers  in  the  field. 
Pliicker  and  Hittorf  opened  ground  in  advancing  the  physics  of 
ipectrura  analysis,  and  made  the  important  discovery  of  changes 
n  the  spectra  of  ignited  gases  produced  by  changes  in  the 
>hysical  condition  of  the  gas.  The  scientific  value  of  the  meet- 
Bgs  of  the  British  Association  is  well  illustrated  by  the  fact 
;hat  it  was  through  conversation  with  Plucker  at  the  Newcastle 
neeting  that  LocKyer  was  first  led  into  the  investigation  of  the 
sfffects  of  varied  pressure  on  the  quality  of  the  light  emitted  by 
flowing  gas  which  he  and  Frankland  have  prosecuted  with  such 
idmirable  success.  Scientific  wealth  tends  to  accumulation 
iccording  to  the  law  of  compound  interest  Every  addition  to 
cnowledge  of  properties  of  matter  supplies  the  naturalist  with 
lew  instrumental  means  for  discovering  and  interpreting 
phenomena  of  nature,  which  in  their  turn  afford  foundations  for 
jresh  generalizations,  bringing  gains  of  permanent  value  into 
ihe  great  storehouse  of  philosophy.  Thus  Frankland,  led  flx)m 
observing  the  want  of  brightness  of  a  candle  burning  in  a  tent 
>n  the  summit  of  Mont  Blanc,  to  scrutinize  Davy's  theory  of 
iame,  discovered  that  brightness  without  incandescent  solid 
>articles  is  given  to  a  purely  gaseous  flame  by  augmented  pres- 
(ore,  and  that  a  dense  ignited  gas  ^ves  a  spectrum  comparable 
inth  that  of  the  light  from  an  incandescent  solid  or  liquid. 
Ljockyer  joined  him ;  and  the  two  found  that  every  incandescent 
nibstance  gives  a  continuous  spectrum — that  an  incandescent 
nets  under  varied  pressure  gives  bright  bars  across  the  contin- 
lous  spectrum,  some  of  which,  from  the  sharp,  hard  and  fast 
ines  ODserved  where  the  gas  is  in  a  state  of  extreme  attenua- 
ion,  broaden  out  on  each  side  into  nebulous  bands  as  the 
iensity  is  increased,  and  are  ultimately  lost  in  the  continuous 
ipectrum  when  the  condensation  is  pushed  on  till  the  gas 
)ecomes  a  fluid  no  longer  to  be  called  gaseous.  More  recently 
;hey  have  examined  tne  influence  of  temperature,  and  have 
obtained  results  which  seem  to  show  that  a  highlv  attenuated 
[as,  which  at  a  high  temperature  gives  several  bright  lines, 
[ives  a  smaller  and  smaller  number  of  lines,  of  sufficient  bright- 
tesB  to  be  visible,  when  the  temperature  is  lowered,  the  density 
mng  kept  unchanged.  I  cannot  refrain  here  from  remarking 
low  admirably  this  beautiful  investigation  harmonizes  with 
Lndrews^s  great  discovery  of  continuity  between  the  gaseous 
nd  liquid  states.     Such  things  make  the  life-blood  of  science. 
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In  contemplating  them  we  feel  as  if  led  out  from  narrow  waters 
of  scholastic  dogma  to  a  refreshing  excursion  on  the  broad  and 
deep  ocean  of  truth,  where  we  learn  from  the  wonders  we  sec 
that  there  are  endlessly  more  and  more  glorious  wonders  still 
unseen. 

Stokes's  dynamical  theory  supplies  the  key  to  the  philoaopliy 
of  Frankland  and  Lockyer's  discovery.  Any  atom  of  gas,  when 
struck  and  left  to  itself,  vibrates  with  perfect  purity  its  fimda- 
mental  note  or  notes.  In  a  highly  attenuated  gas  each  atom  is 
very  rarely  in  collision  with  other  atoms,  and  therefore  is  nearly 
at  ail  times  in  a  state  of  true  vibration.  Hence  the  spectnun 
of  a  highly  attenuated  gas  consists  of  one  or  more  perfectly 
sharp,  brignt  lines,  with  a  scarcely  perceptible  continuous  gradft- 
tion  of  prismatip  color.  In  denser  gas  each  atom  is  frequently 
in  collision,  but  still  is  for  much  more  time  free,  in  interval 
between  collisions,  than  engaged  in  collision ;  so  that  not  only 
is  the  atom  itself  thrown  sensibly  out  of  tune  during  a  sensible 
proportion  of  its  whole  time,  but  the  confiised  jangle  of  vibra- 
tions in  every  variety  of  period  during  the  actual  collision 
becomes  more  considerable  in  its  influence  Hence  bright  lines 
in  the  spectrum  broaden  out  somewhat,  and  the  continuous 
spectrum  becomes  less  faint  In  still  denser  gas  each  atom  may 
be  almost  as  much  time  in  collision  as  free,  and  the  spectrum 
then  consists  of  broad  nebulous  bands  crossing  a  continuous 
spectrum  of  considerable  brightness^  When  the  medium  is  so 
dense  that  ciich  atom  is  always  in  collision,  that  is  to  say,  never 
free  from  influence  of  its  neighbours,  the  spectrum  will  generally 
be  continuous,  and  may  present  little  or  no  appearance  of  bands, 
or  even  of  maxima  of  brightness.  In  this  condition  the  fluid 
can  be  no  longer  regarded  as  a  gas,  and  we  must  judge  of  its 
relation  to  the  vaporous  or  liquid  states  according  to  the  critical 
conditions  discovered  by  Andrews. 

Spectroscopic  Research  in  Astixtnomj. 

While  these  gi'cat  investigations  of  properties  of  matter  were 
going  on,  naturalists  were  not  idle  with  the  newly -recognized 
power  of  the  spectroscope  at  their  service.  Chemists  soon 
followed  the  example  of  Bunsen  in  discovering  new  metals  in 
terrestrial  matter  bv  the  old  blow-pipe  and  prism  test  of  Fox, 
Talbot  and  nei-schel.  Biologists  applied  spectrum  analysis  to 
animal  and  vegetable  chemistry,  and  to  sanitary  investigations. 
But  it  is  in  astn^noniy  that  spectroscopic  research  has  been 
oarricMl  on  with  the  greatest  activity,  and  been  most  richly 
rewarded  with  results.  The  chemist  and  the  astronomer  have 
joined  their  forces.  An  astronomical  observatory  has  now 
appended  to  it  a  stock  of  re-a^rents  such  as  hitherto  was  onlv  to 
be  found  in  the  chemical  laboratory'.  A  devoted  corps  of 
volunteers  of  all  nations,  whose  motto  might  well  be  CT'^, 
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have  directed  their  artillery  to  every  region  of  the  universe. 
The  Sun,  the  spots  on  his  surface,  the  corona  and  the  red  and 
yellow  prominences  seen  round  him  during  total  eclipses,  the 
moon,  the  planets,  comets,  auroras,  nebulee,  white  stars,  yellow 
stars,  red  stars,  variable  and  temporary  stars,  each,  tested  by 
the  prism,  was  compelled  to  show  its  distinguishing  prismatic 
colours.  Rarely  before  in  the  history  of  science  has  enthusiastic 
perseverance  directed  by  penetrative  genius  produced  within 
ten  years  so  brilliant  a  succession  oi  discoveries.  It  is  not 
merely  the  chemistry  of  sun  and  stars,  as  first  suggested,  that  is 
subjected  to  analysis  by  the  spectroscope.  Their  whole  laws  of 
being  are  now  subiects  of  direct  investigation ;  and  already  we 
have  glimpses  of  their  evolutional  history  through  the  stupend- 
ous power  of  this  most  subtle  and  delicate  test  We  had  only 
Bolar  and  stellar  chemistry;  we  now  have  solar  and  stellar 
physiology. 

It  is  an  old  idea  that  the  color  of  a  star  may  be  influenced 
by  its  motion  relatively  to  the  eye  of  the  spectator,  so  as  to  be 
tinged  with  red  if  it  moves  from  the  earth,  or  blue  if  it  moves 
toward  the  earth.  William  Allen  Miller,  Huggins,  and  Max- 
well showed  how,  by  aid  of  the  spectroscope,  this  idea  may  be 
made  the  foundation  of  a  method  of  measuring  the  relative 
velocity  with  which  a  star  approaches  to  or  recedes  from  the 
earth.  The  principle  is,  first  to  identify,  if  possible,  one  or 
more  of  the  lines  m  the  spectrum  of  the  star,  with  a  line  or 
lines  in  the  spectrum  of  soaium,  or  some  other  terrestrial  sub- 
stance, and  then  (by  observing  the  star  and  the  artificial  light 
simultaneously  by  the  same  spectroscope)  to  find  the  difference, 
if  any,  between  their  refrangibilities.  From  this  difference  of 
refrangibility  the  ratio  of  the  periods  of  the  two  lights  is  cal- 
culated, according  to  data  determined  by  Fraunhofer  from  com- 
parisons between  the  positions  of  the  dark  lines  in  the  prisma- 
tic spectrum  and  in  liis  own  "  interference  spectrum  "  (produced 
by  substituting  for  the  prism  a  fine  grating\  A  first  compara- 
tively rough  application  of  the  test  by  Miller  and  Huggins  to 
a  large  number  of  the  principal  stars  of  our  skies,  including 
Aldebaran,  a  Orionis,  fi  Pegasi,  Sirius,  a  Lyrae,  Capella,  Arc- 
turus,  Pollux,  Castor  (which  they  had  observed  ratner  for  the 
chemical  purpose  than  for  this),  proved  that  not  one  of  them  had 
so  great  a  velocity  as  315  kilometres  per  second  to  or  from  the 
earth,  which  is  a  most  momentous  result  in  respect  to  cosmical 
dynamics.  Afterward  Huggins  made  special  observations  of 
the  velocity  test,  and  succeeded  in  making  the  measurement  in 
one  case,  that  of  Sirius,  which  he  then  found  to  be  receding 
fix)m  the  Earth  at  a  rate  of  66  kilometres  per  second.  This, 
corrected  for  the  velocity  of  the  Earth  at  the  time  of  the  obser- 
vation, gave  a  velocity  of  Sirius,  relatively  to  the  Sun,  amount- 
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ing  to  47  kilometres  per  second.  The  minuteness  of  the  differ- 
ence to  be  measured,  and  the  smalbiess  of  the  amount  of  light, 
even  when  the  brightest  star  is  observed,  render  the  obsenra- 
tion  extremely  difficult    Still,  with  such  ^reat  skill  as  Mr.  Hug- 

fins  has  brought  to  bear  on  the  investigation^  it  can  scarcely  be 
oubted  that  velocities  of  many  other  stars  ma^  be  measured. 
What  is  now  wanted  is,  certaimy  not  greater  slall,  perhaps  not 
even  more  powerful  instruments,  but  mare  instruments  and  mars 
observers,  Lockyer^s  applications  of  the  velocity  test  to  the 
relative  motions  of  diiferent  gases  in  the  Sun's  photosphere^ 
spots,  chromosphere,  and  chromospheric  prominences,  and  his 
observations  of  the  varjring  spectra  presented  by  the  same  sub- 
stance as  it  moves  from  one  position  to  another  in  the  Sun's 
atmosphere,  and  his  interpretations  of  these  observations,  ac- 
cording to  the  laboratory  results  of  Frankland  and  himself,  go 
&r  toward  confirming  tbe  conviction  that  in  a  few  years  all 
the  marvels  of  the  Sun  will  be  dynamically  explained  aocordii^ 
to  known  properties'of  matter. 

During  six  or  eight  precious  minutes  of  time,  spectroacopeB 
have  been  applied  to  tne  solar  atmosphere  and  to  the  corona 
seen  round  tne  dark  disc  of  the  Moon  eclipsing  the  Sun.  Some 
of  the  wonderful  results  of  such  observations,  made  in  India  on 
the  occasion  of  the  eclipse  of  August,  1868,  were  described  by 
Prof.  Stokes  in  a  previous  addres&  Valuable  results  have, 
through  the  liberal  assistance  given  by  the  British  and  Ameri- 
can Governments,  been  obtained  also  fix)m  the  total  eclipse  of 
last  December,  notwithstanding  a  generally  unfavorable  condition 
of  weather.  It  seems  to  have  been  proved  that  at  least  some 
sensible  part  of  the  light  of  the  "corona  "  is  a  terrestrial  atmos- 
pheric halo  or  dispersive  reflexion  of  the  light  of  the  glowing 
nydrogen  and  "  nelium "  round  the  Sun.  (Frankland  and 
Lockyer  find  the  yellow  prominences  to  give  a  very  decided 
bright  line  not  far  from  D,  but  hitherto  not  identified  with  anv 
terrestrial  flama  It  seems  to  indicate  a  new  substance,  which 
they  propose  to  call  Helium.)  I  believe  I  may  say,  on  the 
present  occasion,  when  preparation  must  a^in  be  made  to 
utilize  a  total  eclipse  of  the  Sun,  that  the  Bntish  Association 
confidently  trusts  to  our  Government  exercising  the  same  wise 
liberality  as  heretofore  in  the  interests  of  science 

Sola-  Heat. 

The  old  nebular  hypothesis  supposes  the  solar  system  and 
other  similar  systems  through  the  universe  which  we  see  at  a 
distance  as  stars,  to  have  originated  in  the  condensation  of  fiery 
nebulous  matter.  This  hypothesis  was  invented  before  the  dis- 
covery of  the  thermo-dynamics,  or  the  nebulae  would  not  have 
been  supposed  to  be  fiery ;  and  the  idea  seems  never  to  have 
occuiTea  to  any  of  its  inventors  or  early  supporters  that  the 
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latter,  the  condensation  of  which  they  supposed  to  constitute 
he  Sun  and  stars,  could  have  been  other  than  fiery  in  the 
•^nning.  Mayer  first  suggested  that  the  heat  of  the  Sun 
lay  be  due  to  gravitation  ;  but  he  supposed  meteors  falling  in 
[>  keep  always  generatinff  the  heat  wnich  is  radiated  year  by 
ear  from  the  Sun.  Helmholtz,  on  the  other  hand,  adopting 
he  nebular  hypothesis,  showed  in  1854  that  it  was  not  neces- 
B«y  to  suppose  the  nebulous  matter  to  have  been  originally 
iery,  but  tnat  mutual  gravitation  between  its  parts  may  have 
;enerated  the  heat  to  which  the  present  high  temperature  of 
he  Sun  is  due.  Further,  he  made  the  important  oDservations 
hat  the  potential  energy  of  gravitation  in  the  Sun  is  even  now 
su:  from  exhausted ;  but  that  with  further  and  further  shrinking 
acre  and  more  heat  is  to  be  generated,  and  that  thus  we  can 
onceive  the  Sun  even  now  to  possess  a  sufficient  store  of 
nergy  to  produce  heat  and  light,  almost  as  at  present,  for  seve- 
al  million  years  of  time  futura  It  ought,  however,  to  be 
dded  that  this  condensation  can  only  follow  from  cooling,  and 
herefore  that  Helmholtz's  gravitational  explanation  of  future 
iuQ-heat  amounts  really  to  showing  that  the  Sun's  thermal 
apacity  is  enormously  greater,  in  virtue  of  the  mutual  gravita- 
ion  between  the  parts  of  so  enormous  a  mass,  than  the  sum  of 
he  thermal  capacities  of  separate  and  smaller  bodies  of  the 
ame  material  and  same  total  mass.  Reasons  for  adopting  this 
heory,  and  the  consequences  which  follow  from  it,  are  discussed 
n  an  article  *  On  the  Age  of  the  Sun's  Heat,'  published  in 
\facmill<in^s  Magazine  for  March,  1862. 

For  a  few  years  Mayer's  theory  of  solar  heat  had  seemed  to 
ae  probable ;  but  I  had  been  led  to  regard  it  as  no  longer  tena- 
►le,  because  I  had  been  in  the  first  place  driven,  by  considera- 
ion  of  the  very  approximate  constancy  of  the  Earth's  period 
f  revolution  round  the  Sun  for  the  last  2,000  years,  to  con- 
Inde  that  "  the  principal  source,  perhaps  the  sole  appreciably 
ffective  source  of  the  Sun-heat,  is  in  bodies  circulatmg  round 
be  Sun  at  present  inside  of  the  Earth's  orbit ;"  and  because  Le 
terrier's  researches  on  the  motion  of  the  planet  Mercury,  though 
iving  evidence  of  a  sensible  influence  attributable  to  matter  cir- 
ulatin^  as  a  great  number  of  small  planets  within  his  orbit 
3und  the  Sun,  showed  that  the  amount  of  matter  that  could 
ossibly  be  assumed  to  circulate  at  any  considerable  distance 
•cm  the  Sun  must  be  very  small ;  and  therefore,  "  if  the  me- 
tric influx  taking  place  at  present  is  enough  to  produce  any 
ppreciable  portion  of  the  heat  radiated  away,  it  must  be  sup- 
osed  to  be  from  matter  circulating  round  the  Sun,  within  very 
lort  distances  of  his  surface.  The  density  of  this  meteoric 
load  would  have  to  be  supposed  so  great  that  comets  could 
\arcely  have  escaped  as  comets  actually  have  escaped,  showing 
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no  discoverable  effects  of  resistance,  after  passing  his  sarlbce 
witliin  a  distance  equal  to onc-eightti  of  his  radius.  Alltiungs 
eotisiilerod,  there  seems  little  probability  in  the  hypothesis  tbkt 
aolar  radiation  ia  coinpenaateu  to  any  appreciable  d^ree,  bv 
hoat  gciienited  by  meteors  falling  in,  at  present ;  and,  as  it  can 
be  shown  that  no  chemical  theory  is  tenable,  it  must  be  con- 
cluded as  most  probable  tliat  the  Sun  is  at  present  merely  an 
incantlescent  li(}uid  mass  cooling." 

Thus  on  )iurely  astronomical  grounds  was  I  long  ago  led  to 
abandon  :l<;  very  improbable  the  hypothesis  that  the  Sun's  heat 
is  supplied  dynamically  from  year  to  year  by  the  infliu  of 
meteora  But  now  spectrum  analysis  givea  jiroof  liaally  con- 
clusive against  it 

Each  meteor  circulating  round  tlie  Sun  must  fall  in  along  a 
very  gradual  spiral  path,  and  before  reaching  the  Sun  must 
have  been  for  a  long  time  exposed  to  an  enormous  heatiog 
ell'cct  fr<un  his  radiation  when  very  near,  and  must  thus  have 
been  driven  into  vajxjr  before  actually  falling  into  the  Sun. 
Tlius,  if  Mayer's  hypothesis  is  correct,  friction  between  vortica 
of  mi'looric  vapore  and  the  Sun's  atmosphere  must  be  the  im- 
mediate cause  of  solar  heat :  and  the  velocity  with  which  these 
vapoi-s  cirt-ulate  round  eipiatorial jiarL-*  of  the  Sun  must  amoiml 
to  \'Mt  kilometres  per  awoniL  The  spectrum  test  of  velocity 
applied  liy  Li>eky or  showed  but  a  twentieth  part  of  this  amount 
as  till?  ^ivuii'st  observoil  relative  velocity  between  different 
vapiirs  in  tlic  Sun's  atmosphere. 

At  the  tirst  Livor[iiK>l  Mfeling  of  the  British  Association 
0'"*<">-lV  in  advancing  a  graviiationid  theor^'  to  account  for  all 
the  heal,  li^hi,  and  nixtious  of  the  universe,  I  ni^ed  that  the 
ii'.i'Lu.liutfly  antii'oili'ui  condition  of  the  matter  of  which  ihe 
Sun  and  plancis  wciv  tormvxl,  not  being  fierv,  could  not  have 
been  l^.l.•'^^*lls:  but  that  it  priibablv  was  solid,  and  mav  have 
been  like  the  uioteorie  stone.*  whieli  we  still  so  frequently  mct'i 
with  tlm)ugh  s^wee.  The  disooverv-  of  Huggins.  that  the  iiglit 
of  the  nebula',  so  far  as  bitherti'  sensible  to  us,  proceeds  fiwm 
ineandesv-eut  hvilrv^^on  and  nitrogen  gases,  and  that  the  hcails 
of  eoinot.-;  also  give  us  ligii!  of  incandeiicent  gas.  seems  at  first 
siirht  iiieral'v  to  !'u';il:  t!ia;  p.m  o:'  the  nebular  hyixrthesis  to 
wiiieh  1  \\i\A  iv';.vti\l.  But  a  si>lmion,  which  seems  to  me  in 
the  highest  degnv  jTtV'ai'^e.  has  Vx'n  suggested  by  Tait  He 
supi\v<es  t':ia:  i:  v.w.y  i-e  'fy  -j^iitt'd  g:ise<ius  osbalations  proccol- 
ing  l'rv«:u  f.io  .'.<':s;.v;  M  r^oTi-one  siom-s  that  nebula'  and  tin' 
wui  shiw  :'.e::;pe'.vi>s  to  "s :  and  he  sngT^este-l,  at  a 
tb:  o:  :V.e  Ass.^. -.at:.",;.  That  oxix-riment^  shouhi  he 
fcHw  the  i>-.v.;s>so  ■■:  a.  ■.  'y-.:_'  sjHVTr;;ni  an.alysis  to  the  h'jrbt 
^IttsKvv.  o;i~ervo;  ir.' j"v.r.ery  -.rials,  such  .as  iliose  .it 
:;  :!\i:i  s:rl'i-.'^ai:^v.:i£:ironat  a  great  velocitr. 
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but  varied  by  substituting  for  the  iron  various  solid  materials, 
metallic  or  stonv.  Hitherto  this  suggestion  has  not  been  acted 
upon  ;  but  surely  it  is  one  the  carrying  out  of  which  ought  to 
be  promoted  by  the  British  Association. 

Nature  of  Comets. 

Most  important  steps  have  been  recently  made  toward  the 
discovery  of  the  nature  of  comets ;  establishing  with  nothing 
short  of  certainty  the  truth  of  a  hypothesis  which  had  long 
appeared  to  me  probable, — that  they  consist  of  groups  of  me- 
teoric stones;  accounting  satisfactorily  for  the  light  of  the 
nucleus,  and  giving  a  simple  and  rational  explanation  of  pheno- 
mena presented  by  the  tails  of  comets  which  nad  been  regarded 
by  the  greatest  astronomers  as  almost  pretematurally  marvel- 
ous. Tne  meteoric  hypothesis  to  which  I  have  referred  re- 
mained a  mere  hypothesis  (I  do  not  know  that  it  was  ever  even 
published),  until,  m  186t),  Schiaparelli  calculated  from  observa- 
tions on  the  August  meteors,  an  orbit  for  these  bodies  which  he 
found  to  agree  almost  perfectly  with  the  orbit  of  the  great 
comet  of  1862,  as  calculated  by  Oppolzer ;  and  so  discovered 
and  demonstrated  that  a  comet  consists  of  a  group  of  meteoric 
Btones.  Prof.  Newton,  of  Yale  College,  United  States,  by  ex- 
amining ancient  records,  ascertained  that  in  periods  of  about 
thirty-three  years,  since  the  year  902,  there  have  been  excep- 
tionally brilliant  displays  of  the  November  meteors.  It  had 
long  been  believed  that  these  interesting  visitants  came  from  a 
train  of  small  detached  planets  circulatmg  round  the  Sun,  all 
in  nearly  the  same  orbit,  and  constituting  a  belt  analogous  to 
Satum*s  ring ;  and  that  the  rcison  for  the  comparatively  large 
number  of  meteors  which  we  observe  annually  about  the  14th 
of  November  is,  that  at  that  time  the  Earth's  orbit  cuts  through 
the  supposed  meteoric  belt  Prof.  Newton  concluded  from  his 
investigation  that  there  is  a  denser  part  of  the  group  of  meteors 
which  extends  over  a  portion  of  the  orbit  so  great  as  to  occupy 
about  one-tenth  or  one-fifteenth  of  the  periodic  time  in  passing 
any  particular  point,  and  gave  a  choice  of  five  difierent  periods 
for  the  revolution  of  this  meteoric  stream  round  the  Sun,  any 
one  of  which  would  satisfy  his  statistical  result.  He  further 
concluded  that  the  line  oi  nodes,  that  is  to  say,  the  line  in 
which  the  plane  of  the  meteoric  belt  cuts  the  plane  of  the 
Earth's  orbit,  has  a  progressive  sidereal  motion  ol  about  52  "4 
per  annum.  Here,  tnen,  was  a  splendid  problem  for  the  phy- 
sical astronomer ;  and,  happily,  one  well  Qualified  for  the  task 
took  it  up.  Adams,  by  the  application  of  a  beautiful  method 
invented  oy  Gauss,  found  that  of  the  five  periods  allowed  by 
Newton  just  one  permitted  the  motion  of  the  line  of  nodes  to 
be  explained  by  the  disturbing  influence  of  Jupiter,  Saturn,  and 
other  planets.     The  period  chosen  on  these  grounds  is  38^ 
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years.  The  investigation  showed  farther  that  the  fonn  of  the 
orbit  is  a  long  ellipse,  giving  for  the  shortest  distance  from  the 
Sun  145  million  kilometers,  and  for  longest  distance  2,886 
million  kilomdtera  Adams  also  worked  out  the  longitude  <tf 
the  perihelion  and  the  inclination  of  the  orbit's  plane  to  the 
plane  of  the  ecliptic  The  orbit  which  he  thus  found  agreed 
so  closelj  with  that  of  Temple's  Comet  I,  1868,  that  he  was 
able  to  identify  the  comet  and  the  meteoric  belt*  The  same 
conclusion  had  been  pointed  out  a  few  weeks  earlier  by  Schia- 

Sarelli,  from  calculations  by  himself,  on  the  data  supplied  by 
irect  observations  on  the  meteors,  and  independently  oy  Peters, 
from  calculations  by  Leverrier  on  the  same  foundation.  It 
is,  therefore,  thoroughly  established  that  Temple's  Comet  I, 
1866,  consists  of  an  elliptic  train  of  minute  planets,  of  which  a 
few  thousands  or  millions  &11  to  the  earth  afanually  about  the 
14th  of  November,  when  we  cross  their  track.  "We  have  prob* 
ably  not  yet  passed  through  the  very  nucleus  or  densest  part; 
but  thirteen  times,  in  Octobers  and  Novembers  firom  Oc^her 
18,  A.  D.  902,  to  November  14, 1866,  inclusive  (this  last  time 
having  been  correctly  predicted  by  Prof  Newton),  we  have 
passed  through  a  part  of  the  belt  greatly  denser  than  tiie  aver 
a^a  The  densest  part  of  the  train,  when  near  enough  to  us,  is 
visible  as  the  head  of  the  comet  This  astounding  result,  taken 
along  with  Huggins's  spectroscopic  observations  on  the  light  of 
the  heads  and  tails  of  comets,  confirms  most  strikinglyTaitfs 
theory  of  comets,  to  which  I  have  already  referred ;  according 
to  which  the  comet,  a  group  of  meteoric  stones,  is  self-luminous 
in  its  nucleus,  on  account  of  collisions  among  its  constitutents, 
while  its  "  tail "  is  merely  a  portion  of  the  less  dense  part  of 
the  train  illuminated  by  sunlight,  and  visible  or  invisible  to  us 

*  Signor  Schmparelli,  Director  of  the  Observatory  ef  Ifilan,  who,  in  •  letter 
dated  Slat  of  December,  1866,  pointed  out  that  the  elements  of  &e  orbit  of  the 
August  meteorn,  calculated  fVom  the  observed  position  of  their  radiant  point  on 
the  supposition  of  the  orbit  being  a  very  elongated  ellipse,  agreed  very  closely 
with  those  of  the  orbit  of  Comet  H,  1862,  calculated  by  Dr.  Oppolxer.  In  the 
same  letter  Schiaparelli  g^ves  elements  of  the  orbit  of  the  Novenmr  meteors,  bot 
these  were  not  sufficiency  accurate  to  enable  him  to  identify  the  orbit  with  that 
of  any  known  comet.  On  the  21st  of  January,  1867,  H.  Leverrier  frave  more 
accurate  elements  of  the  orbit  of  the  November  meteors,  and  in  the  Astronomii^ 
NachricMen  of  January  9,  Mr.  C.  F.  W.  Peters,  of  Altona,  pointed  out  that  these 
elements  closely  Agreed  with  those  of  Temple's  Comets  (I,  1866).  oalculated  by 
Dr.  Oppolzer,  and  on  February  2,  Schiaparelli.  having  re-calculated  the  elements 
o5  the  orbit  of  the  meteors,  himself  noticed  the  SHme  agreement  Adams  arrived 
quite  independently  at  the  conclusion  that  the  orbit  of  33^  years  period  is  the  one 
which  must  be  chosen,  out  of  the  five  indicated  by  Prof.  Newton.  His  calcula- 
tions were  sufficiently  advanced  before  the  letters  referred  to  appeared,  to  show 
that  the  other  four  orbits  offered  by  Newton  were  inadmissible.  But  the 
calculations  to  be  gone  through  to  find  the  secular  motion  of  the  node  in  such  an 
elongated  orbit  as  that  of  the  meteors,  were  necesfuirily  very  long,  so  that  tfaey 
were  not  completed  till  about  March,  1867.  They  were  communicated  in  thut 
month  to  the  Cambridge  Philosophical  Society,  and  in  the  month  following  to  the 
Astronomical  Society. 


Address  of  Sir  William  Thompson.  291 

acconling  to  circumstances,  not  only  of  density,  degree  of  illu- 
mination, and  nearness,  but  also  of  tactic  arrangement,  as  of  a 
flock  of  bird»  or  the  edge  of  a  cloud  of  tobacco  smoke  !  What 
prodigious  difficulties  are  to  be  explained,  you  may  judge  from 
two  or  three  sentences  which  I  shall  read  from  Ilerschel's 
Astronomy,  and  from  the  fact  that  even  Schiaparelli  seems  still 
to  believe  in  the  repulsion.  "There  is,  beyond  question,  some 
profound  secret  ana  mystery  of  nature  concerned  in  the  pheno- 
menon of  their  tails.  Perhaps  it  is  not  too  much  to  hope  that 
future  observation,  borrowing  every  aid  from  rational  specula- 
tion, grounded  on  the  progress  of  physical  science  generally 
(especially  those  branches  of  it  which  relate  to  the  ethereal  or 
imponderable  elements),  may  enable  us  ere  long  to  penetrate 
this  mystery,  and  to  declare  whether  it  is  really  matter  in  the 
ordinary  acceptation  of  the  term  which  is  projected  from  their 
heads  with  such  extraordinary  velocity,  and  if  not  imjtelled,  at 
least  directed  in  its  course,  by  reference  to  the  Sun,  as  its  point 
of  avoidance."  "  In  no  respect  is  the  question  as  to  the  mate- 
riality of  the  tail  more  forcibly  pressed  on  us  for  consideration 
than  in  that  of  the  enormous  sweep  which  it  makes  round  the 
Sun  ill  periheliom  a  manner  of  a  straight  and  rigid  rod,  in  defiance 
of  the  law  of  gravitation^  nay,  even  of  (he  received  laws  of  motion." 
"  The  projection  of  this  ray  ....  to  so  enormous  a  length,  in 
a  single  day,  conveys  an  impression  of  the  intensity  of  the 
forces  acting  to  produce  such  a  velocity  of  material  transfer 
through  space,  such  as  no  other  natural  phenomenon  is  capable 
of  exciting.  It  is  clear  that  if  we  have  to  d*fal  here  witJi  matter^  such 
as  we  conceive  it,  viz.,  possessing  inertia — at  all,  it  must  be  under 
the  dominion  of  forces  incomparably  more  energetic  than  gravi- 
tation, and  quite  of  a  different  nature." 

Think  now  of  the  admirable  simplicity  with  which  Tait's 
beautiful  "  sea-bird  analogy,"  as  it  has  been  called,  can  explain 
aU  these  phenomena. 

Origin  of  Life. 

The  essence  of  science,  as  is  well  illustrated  by  astronomy 
and  cosmical physics,  consists  in  inferring  antecedent  conditions, 
and  anticipatmg  future  evolutions,  from  phenomena  which  have 
actually  come  under  observation.  In  biology  the  difficulties  of 
successfully  acting  up  to  this  ideal  are  prodigious.  The  earnest 
naturalists  of  the  present  day  are,  however,  not  appalled  or 
paralyzed  by  them,  and  are  struggling  boldly  and  laboriously 
to  pass  out  of  the  mere  "  Natural  History  stage  "  of  their  study, 
ana  bring  zoology  within  the  range  of  ifatural  Philosophy.  A 
▼cry  ancient  speculation,  still  clung  to  by  many  naturalists  (so 
much  so  that  I  have  a  choice  of  modem  terms  to  quote  in  ex- 
pressing it)  supposes  that,  under  meteorological  conditions  very 
different  from  tne  present,  dead  matter  may  have  run  together, 
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or  crystallized  or  fermented  into  "  germs  of  life,"  or  '*  organic 
cells/  or  "protoplasm."  But  science  brings  a  vast  mass  of 
inductive  evidence  against  this  hypothesis  of  spontaneous  eene- 
ration,  as  you  have  heard  from  my  predecessor  in  the  Presiden- 
tial chair.  Careful  enough  scrutiny  has,  in  every  ease  up  to 
the  present  day,  discovered  life  as  antecedent  to  life.  Dead 
matter  cannot  become  living  without  coming  under  the  in- 
fluence of  matter  previously  aliva  This  seems  to  me  as  sure 
a  teaching  of  science  as  the  law  of  gravitation.  I  utterly  repu- 
diate, as  opposed  to  all  philosophical  unifonnitarianism,  the 
fitesumption  of  "  different  meteorolgical  conditions  " — that  is  to 
say,  somewhat  different  vicissituaes^of  temperature,  pressure, 
moisture,  gaseous  atmosphere — to  produce  or  to  permit  that  to 
take  place  by  force  or  motion  of  dead  matter  alone,  which  is  a 
direct  contravention  of  what  seems  to  us  biological  law.  I  am 
prepared  for  the  answer,  "  our  code  of  biological  laws  is  an  ex- 

fression  of  our  ignorance  as  well  as  of  our  Knowledge."  And 
say,  yes  ;  search  for  spontaneous  generation  out  of  inoiganic 
materials ;  let  any  one  not  satisfied  with  the  purely  negative 
testimony  of  which  we  have  now  so  much  against  it,  throw 
himself  into  the  inquiry.  Such  investigations  as  those  of 
Pasteur,  Pouchet,  and  Bastian  are  among  the  most  interesting 
and  momentous  in  the  whole  range  of  Natural  History,  and 
their  results,  whether  positive  or  negative,  must  richly  reward 
the  most  careful  and  laborious  experimenting.  I  confess  to 
being  deeply  impressed  by  the  evidence  put  before  us  by  Pro£ 
Huxley,  and  I  am  ready  to  adopt,  as  an  article  of  scientific 
faith,  true  through  all  space  and  through  all  time,  that  life  pro- 
ceeds fri^in  life,  and  from  nothing  but  lifa 

How,  then,  did  life  originate  on  the  earth  ?  Tracing  the  phy- 
sical history  of  the  earth  backward,  on  strict  dynamical  pnnci- 
ples,  we  are  brought  to  a  red-hot  melted  globe,  on  which  no 
life  could  exist.  Hence,  when  the  earth  was  first  fit  for  life, 
there  was  no  living  thing  on  it  There  were  rocks  solid  and 
disintegrated,  water,  air  all  round,  warmed  and  illuminated  by 
a  brilliant  sun,  ready  to  become  a  garden.  Did  grass  and  trees 
and  flowers  spring  into  existence,  in  all  the  fullness  of  rij)e 
beauty,  bv  a  fiat  of  Creative  Power?  or  did  vegetation,  grow- 
ing up  from  seed  sown,  spread  and  multiply  over  the  whole 
earth  ?  Science  is  bound,  by  the  everlasting  law  of  honor,  to 
face  Icarlossly  every  ])robleni  which  can  fairly  be  presenied  to 
it  If  11  pr()ba])le  solution,  consistent  with  the  ordinary  course 
of  nature,  can  bo  found,  wc  must  not  invoke  an  abnormal  act 
of  Creati\"e  Power.  When  a  lava  stream  flows*  down  the  sides 
of  V(\^uvius  or  VAwa  it  quickly  cools  and  becomes  solid ;  and 
after  a  ft?w  weeks  or  years  it  teems  with  vegetable  and  animal 
life,  which  for  it  originated  by  the  transport  of  seeds  and  ova 
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and  by  the  migration  of  individual  living  creatures.  When  a 
volcanic  island  springs  up  from  the  sea,  and  after  a  few  years  is 
found  clothed  with  vegetation,  we  do  not  hesitate  to  assume  that 
seeds  has  been  wafted  to  it  through  the  air,  or  floated  to  it  on 
rafts.  Is  it  not  possible,  and  if  possible,  is  it  not  probable,  that 
the  beginning  of  vegetable  life  on  the  earth  is  to  be  similarly 
explained  ?  Every  year  thousands,  probably  millions,  of  frag- 
ments of  solid  matter  fall  upon  the  earth — whence  come  these 
fipagments  ?  What  is  the  previous  history  of  any  one  of  them  ? 
Was  it  created  in  the  beginning  of  time  an  amorphous  mass  ? 
This  idea  is  so  unacceptable  that,  tacitly  or  explicitly,  all  men 
discard  it  It  is  often  assumed  that  all,  and  it  is  certain  that 
some,  meteoric  stones  are  fragments  which  had  been  broken  off 
from  greater  masses  and  launched  free  into  space.  It  is  as 
sure  that  collisions  must  occur  between  great  masses  moving 
through  space  as  it  is  that  ships,  steered  without  intelligence 
directed  to  prevent  collision,  could  not  cross  and  re-cross 
the  Atlantic  for  thousands  of  years  with  immunity  from  col- 
lisions. When  two  great  masses  come  into  collision  in  space, 
it  is  certain  that  a  large  part  of  each  is  melted ;  but  it  seems 
also  quite  certain  that  in  many  cases  a  large  quantity  of  dSbris 
must  be  shot  forth  in  all  directions,  much  of  which  may 
have  experienced  no  greater  violence  than  individual  pieces 
of  rock  experience  in  a  land-slip  or  in  blasting  by  gunpowder. 
Should  the  time  when  this  eartn  comes  into  collision  with  an- 
other body,  comparable  in  dimensions  to  itself,  be  when  it  is 
still  clothed  as  at  present  with  vegetation,  many  great  and  small 
fragments  carrying  seed  and  livmg  plants  and  animals  would 
undoubtedly  be  scattered  through  space.  Hence  and  because 
we  all  conficJently  believe  that  there  are  at  present,  and  have 
been  ftova  time  immemorial,  many  worlds  of  life  besides  our 
own,  we  must  regard  it  as  probable  in  the  highest  degree  that  there 
are  countless  seed-bearing  meteoric  stones  moving  about  through 
space.  If  at  the  present  instant  no  life  existed  upon  this  earth, 
one  such  stone  falling  upon  it  might,  by  what  we  blindly  call  nat- 
ural causes,  lead  to  its  becoming  covered  with  vegetation.  I  am 
fiilly  conscious  of  the  many  scientific  objections  which  may  be 
urged  against  this  hypothesis,  but  I  believe  them  to  be  all 
answerable.  I  have  already  taxed  your  patience  too  severely 
to  allow  me  to  think  of  discussing  any  of  them  on  the  present 
occasion.  The  hypothesis  that  life  originated  on  this  earth 
through  moss-grown  fragments  from  the  ruins  of  another  world 
may  seem  wild  and  visionary ;  all  I  maintain  is  that  it  is  not 
unscientific. 

From  the  earth  stocked  with  such  vegetation  as  it  could  re- 
ceive meteorically,  to  the  earth  teeming  with  all  the  endless 
variety  of  plants  and  animals  which  now  inhabit  it,  the  step  is 


294  Addreaa  of  Sir  William  Thompaoru 

prodigious ;  yet,  according  to  the  doctrine  of  continuity,  moet 
ably  laid  before  the  Association  by  a  predecessor  in  this  chair 
(Mr.  Grove),  all  creatures  now  living  on  earth  have  proceeded 
by  orderly  evolution  from  some  such  origin.  Darwin  concludes 
his  great  work  on  *  The  Origin  of  Species  '  with  the  following 
woms : — **  It  is  interesting  to  contemplate  an  entangled  bank 
clothed  with  many  plants  of  many  kinds,  with  biras  singing 
on  the  bushes,  with  various  insects  flitting  about,  and  with 
worms  crawling  through  the  damp  earth,  and  to  reflect  that 
these  elaborately  constructed  forms,  so  different  from,  each 
other,  and  dependent*  on  each  other  in  so  complex  a  manner, 
have  all  been  produced  by  laws  acting  arouna  ua"  .  .  .  . 
"  There  is  grandeur  in  this  view  of  life  with  its  several  powers, 
having  been  oriffinally  breathed  by  the  Creator  into  a  few  fonns 
or  into  one ;  and  that,  whilst  this  planet  has  gone  cycling  on 
accordiuff  to  the  fixed  law  of  gravity,  from  so  simple  a  ban- 
ning, endless  forms,  most  beautiful  and  most  wonderful,  have 
been  and  are  being  evolved.''  With  the  feeling  expressed  in 
these  two  sentences  I  most  cordially  sympathize.  I  have 
omitted  two  sentences  which  come  between  them,  describing 
briefly  the  hypothesis  of  "  the  origin  of  species  by  naturu 
selection,"  because  I  have  always  felt  that  this  hypothesis  does 
not  contain  the  true  theory  of  evolution,  if  evolution  there  has 
been  in  biology.  Sir  John  Herschel,  in  expressing  a  favorable 
judgment  on  tne  hypothesis  of  zoological  evolution,  with,  how- 
ever, some  reservation  in  respect  to  the  origin  of  man,  objected  to 
the  doctrine  of  natural  selection,  that  it  was  too  like  the  Laputan 
method  of  making  books,  and  that  it  did  not  suffi3iently  take 
into  account  a  continually  guiding  and  controlling  intelligence. 
This  seems  to  me  a  most  valuable  and  instructive  criticism.  I 
feel  profoundly  convinced  that  the  argument  of  design  has 
been  greatly  too  much  lost  sight  of  in  recent  zoological  specu- 
lations. Reaction  against  the  frivolities  of  teleology,  such  as 
are  to  be  found,  not  rarely,  in  the  notes  of  the  learner  commen- 
tators on  Palcy's  '  Natural  Theology,'  has,  I  believe,  had  a  tem- 
porary effect  in  turning  attention  from  the  solid  and  irrefragable 
argument  so  well  put  forward  in  that  excellent  old  book.  But 
overpoweringly  strong  proofs  of  intelligent  and  benevolent 
design  lie  all  round  us,  and  if  ev^r  perplexities,  whether  meta- 
physical or  scientillc,  turn  us  away  from  them  for  a  time,  they 
come  back  upon  us  with  irresistible  force,  showing  to  us  throu/h 
nature  and  tlie  influence  of  a  free  will,  and  teaching  us  that  all 
living  beings  dei)end  on  one  ever  acting  Creator  and  Ruler. 
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Art.  XXXVIL — On  some  new  Silurian  Crinoids  and  Shells; 

by  F.  B.  Mkkk. 

Dendrocrinus  Cabei  Meek. 

Compare  PerUacrinite  Christy,  1848 ;  Letters  on  Geology,  Plate  IL 

Column  very  distinctly  pentagonal,  the  angles  at  the  connection 
with  the  body  being  continuous  with  strong  ridges  passing  up  the 
sutures  between  the  basal  pieces  and  to  the  middle  of  the  subradials. 
Body  pentagonal-obconic,  a  little  wider  above  than  high.  Base 
wider  than  high,  strongly  pentagonal,  being  deeply  excavated  up 
the  middle  of  each  piece,  and  very  prominent  at  the  lateral  sutures ; 
basal  pieces  wider  below  than  high,  pentagonal  in  form,  with  the 
mesial  angle  above  salient,  and  the  supenor  lateral  sloping  sides 
much  longer  than  the  lateral.  Subradial  pieces  of  moderate  size, 
those  seen,  hexagonal  in  form,  and  all  very  convex  in  the  middle, 
from  which  point  they  send  one  strongly  elevated  ridge  to  meet 
others  on  each  of  the  surrounding  plates,  and  others  coming  up 
the  sutures  between  the  basals,  while  on  each  side  of  all  of  these 
ridges,  excepting  sometimes  those  passing  to  the  first  radials  above, 
there  is  usually  a  smaller,  less  elevated  ridge ;  the  surface  of  the 
body  being  thus  divided  by  these  ridges  into  very  profoundly  exca- 
Tated  triangular  spaces,  in  the  middle  of  which  the  comers  of  the 
body  plates  meet.  First  radial  pieces,  excepting  one  on  the  anal 
ride,  larger  than  the  subradials,  about  as  wide  as  high,  with  a  gen- 
eral pentagonal  outline,  the  upper  side  being  longest  and  deeply 
excavated  for  the  reception  of  the  comparatively  narrow  free  ra- 
dials or  aim  pieces ;  one  on  the  right  of  the  anal  series,  shorter 
than  the  others,  pentagonal  in  form,  and  supporting  above  another 
larger  radial  that  is  included  as  a  part  of  the  wall  of  the  body, 
and  corresponds  with  the  first  radials  in  the  other  rays,  excepting 
that  it  is  shorter ;  all  convex  and  sending  a  strong  ridge  to  each 
of  the  contiguous  bodv  plates  below,  while  a  number  of  much 
smaller  ridges  pass  horizontally  across  from  one  to  another  of  these 
pieces  on  each  side.  Arms  or  free  rays,  comparatively  rather  nar- 
row, distinctly  rounded  on  the  outer  or  dorsal  side,  and  composed 
of  transversely  oblong  pieces  that  are  about  twice  as  wide  as  long 
below  the  first  bifurcation ;  in  the  first  ray  on  the  nght  of  the  anal 
'series,  bifurcating  on  the  fourth  free  piece,  beyond  which  they  are 
seen  to  be  long  and  composed  of  proportionally  narrow  pieces ;  but 
their  mode  of  bifurcation,  if  they  divide  again,  and  their  structure 
in  the  other  rays,  cannot  be  made  out  from  the  specimens  at  hand. 
Anal  series  unknown. 

Ventral  extension  of  the  body  more  than  four  times  as  long  as 
the  latter,  and  as  seen  flattened  by  pressure,  of  gi*eater  breadth  ; 
as  usual,  composed  of  numerous  small  equal  hexagonal,  alternately 
interlocking  pieces,  that  are  strengthened  by  little  oblique  costsB 
so  arranged  as  to  present  an  ascending  zigzag  appearance.  Sur- 
fEure,  excepting  the  strong  costae  of  the  body  plates,  and  the  smaller 
ones  of  the  ventral  part,  without  ornamentation. 
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Height  of  body  to  top  of  first  radials,  0*39  inch,  greatest  breadth 
at  top,  0*32  inch.  Length  of  incomplete  ventral  extension,  1*95 
inches ;  breadth  of  same  as  flattened,  near  upper  end,  0*65  inch ; 
breadth  of  anns  below  the  first  bifurcation,  0*12  inch. 

This  beautiful  s}>ecies  seems  to  be  a  true  Dendrocrinus^  as  it  cm 
be  seen  to  have  two  of  the  primary  radials  on  the  right  c»f  the  anal 
series,  inchided  as  a  part  of  the  walls  of  the  body,  while  all  its 
other  parts  seem  to  conform  to  the  stnicture  of  that  group.  The 
differences  between  Dendrocriuus  and  Poteriocrinites  are  not  very 
great,  and  it  is  thought  by  some  that  the  former  should  stand  only 
as  a  subgenus  under  Poteriocrinites,  If  so,  the  name  of  this  spe- 
cies when  written  in  full,  would  be  Poteriocrinites  (JDendocrinyi) 
CitseL  In  general  appearance  it  resembles  Palasocrinus  angftlatm 
of  Billings,  but  it  diuers  in  having  the  costa;  of  its  body,  in  part, 
with  a  smaller  one  on  each  side ;  while  its  column  is  very  mach 
more  strongly  pentagonal  Of  course  it  also  differs  in  the  generic 
character  of  having  its  ventral  part  extended  upward  nearly  or 
quite  as  long  as  the  arms.  * 

It  may  be  that  the  species  here  described  is  the  same  figured  by 
Mr.  Christy,  in  his  "  Letters  on  Geology,"  as  a  Pentacrinite  (with- 
out a  specific  name),  as  it  came  from  the  same  horison,  and  from 
about  tne  same  n»gion  of  country.  It  does  not,  however,  agree 
exactly  with  his  figure  in  details. 

The  specific  name  is  given  in  honor  of  L.  B.  Case,  Esq.,  of  Rich- 
mond, Indiana,  to  whom  I  am  indebted  for  the  use  of  the  finest 
specimen  of  it  I  have  seen.  I  am  also  under  obligations  to  C.  B. 
Dyer,  Esq.,  of  Cincinnati,  for  the  use  of  two  smaller,  and  nearly  a» 
good  specimens.  Figures  of  the  species,  with  a  full  description, 
will  be  given  in  the  Ohio  Geological  Report. 

Loc'tlity  and pitsitiotu — Mr.  Case's  specimen  was  found  by  him 
at  Richmond,  Indiana,  in  the  upper  part  of  the  Cincinnati  group, 
and  those  belonging  to  Mr.  Dyer  were  found  at  about  the  same 
h(»rizon  between  Cincinnati  and  Oxford,  Ohio. 

Lepocrinttes  Moobei  Meek, 

Body  obovate.  Base  forming  nearly  one-fourth  the  height  of 
the  body,  its  four  pieces  being  about  as  wide  as  long,  of  nearly 
equal  size,  and  irre^jularly  }K>ntagonal  in  form,  excepting  one  on  the 
anal  side,  which  is  hexagonal  The  five  pieces  of  the  second  range 
of  irregular  fonn  and  size,  two  on  the  anal  side  being  longer  than 
wide,  and  extending  up  to  form  the  lower  margin  ofthe  principal 
opening,  which  is  modenitely  large,  and  placed  about  one-third  the 
length  of  the  body  below  the  top.  Arrangement  ot  the  plates 
above  not  clearly  made  out.  Pectinated  rhombs  four,  compara* 
tivoly  large,  one  situated  at  the  suture  l>etweeu  one  of  the  basal 
pieces  and  the  contiguous  piece  of  the  next  range  above,  on  the 
anterior  side  of  the  l»ody ;  another  on  the  side  "to  the  left  of  the 

•  Xow.  since  we  know  ::ie  aaiuiv  of  ihe  vault  of  OjOihocriMtes  (^s^  Procetd 
PhQa.  Acsvl.,  X.  So-..  Poo..  I'^'j'*.  p.  324  an  .  336i.  it  se«:ns  to  me  that  PdLjto-.riniu 
QUEDi't  8tand  as  a  distinct  coui'.:s  from  that  i^up. 
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opening,  and  arranged  with  its  longer  axis  directed  transversely, 
on  a  line  with  the  opening,  while  the  other  two  are  nearly  on  a  line 
with  the  right  side  of  the  opening,  on  three  plates  that  comer  to- 
gether, the  arrangement  being  such  that  their  longer  axes  diverge 
at  right  angles  upward ;  in  these,  15  to  20  of  the  little  bars  may 
be  counted. 

Recumbent  arms  short,  or  confined  mainly  to  the  upper  side, 
one  extending  down  nearly  to  the  opening  on  the  anal  side,  another 
to  the  two  rhombs  to  the  right  of  the  0{)ening,  a  third  to  that 
on  the  left,  and  the  fourth  to  the  anterior  side,  the  direction  of  all 
Imng  thus  nearly  or  quite  at  right  angles  to  each  other.  Column 
thick  at  the  base  of  the  body,  but  tapering  rapidly  below ;  as  usual, 
oompoBed  of  very  thin  pieces.  Surface  of  body  plates  marked  by 
distinct  radiating  lines. 

Height  of  body,  0*40  inch ;  breadth,  about  0*36  inch ;  thickness 
of  column  at  its  connection  with  the  base,  0*14  inch. 

This  species  seems  to  agree  well  with  the  genus  Lepocrinites  of 
Conrad,  excepting  in  the  very  unusual  character  of  having  four 
riiombs,  instead  of  only  three.  As  one  of  these,  however,  seems 
to  be  merely  rudimentary,  or  in  other  words,  not  perforated  by 
little  slits,  I  can  scarcely  think  its  presence  a  generic  character. 

I  believe  this  is  the  first  example  of  this  group  of  Cysiidians 
that  has  been  found  in  the  Lower  Silurian,  in  this  country.  It  oc- 
curs, however,  in  the  upper  part  of  the  lower  series,  where  some  of 
the  other  fossils  begin  to  resemble  Upper  Silui'ian  types. 

It  has  been  proposed  to  correct  the  orthography  of  Mr.  Conrad's 
genus  to  Lepadocrinue^  and  if  this  orthography  should  be  adop- 
ted, the  name  of  our  species  would  be  written  Z^oadocrintts  or 
Lqpotdoerinitea  MoareL  The  most  usual  custom,  however,  has  been 
to  retain  the  original  orthography  of  generic  names  in  such  cases. 

The  specific  name  is  given  m  honor  of  Prof.  Joseph  Moore,  of 

i-  College,  Richmond,  Indiana,  to  whom  I  am  mdebted  for 

the  use  of  the  only  specimen  I  have  seen. 

Locality  and  position, — ^Upper  part  of  the  Cincinnati  group,  at 
Richmond,  Indiana. 

Anodontopsis  ?  MiLLERi  ^feek. 

Shell  ovate,  rather  compressed  or  only  moderately  convex,  the 

Seatest  convexity  being  a  little  above  and  slightly  in  advance  of 
e  middle,  extremities  more  or  less  narrowly  rounded,  basal  mar- 
sin  longitudinally  semi-oval  in  outline,  the  most  prominent  part 
DoiDg  near  the  middle ;  cardinal  margin  sloping  from  the  beaks  at 
an  angle  of  130  °  to  136  ^  and  rounmng  into  the  lateral  margins ; 
beaks  only  moderately  prominent,  somewhat  obtuse,  and  not  very 
oonvex,  placed  more  than  one-third  the  length  of  the  valves  from 
tlie  anterior  end.  Sur^e  smooth,  or  only  with  obscure  lines  of 
growth. 

Length  of  a  medium  sized  adult  specimen,  0*83  inch ;  height, 
0*59  inch ;  convexity,  0*30  to  33  inch. 

Am.  Joub.  Sci.— Third  Seriss,  Vol.  II,  No.  10.~Oct,,  1871. 
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It  is  not  without  conflidcrable  doubt  that  I  refer  this  shell  to  Mc- 
Coy's genus  AnodofUopsis^  since  it  does  not  seem  to  correspond 
exactly  in  its  hinge  characters  to  his  description  of  that  genus,  if  1 
correctly  understand  him.  As  the  hin^e  of  AnodantopsU^  how- 
ever,  has  not  yet  been  illustrated,  and  different  authors  do  not  al- 
ways <iescribe  the  same  hinge  exactly  in  the  same  way,  I  hare 
concluded  to  refer  our  shell,  for  the  present,  provisionally  to  Ano- 
dotttojfsis.  If  a  new  genus,  however,  it  may  be  called  Orthodon- 
tiseus. 

Prot.  McCoy  described  the  hinge  of  his  ^enus  as  follows :  '^  hinge 
line  shorter  than  the  shell,  with  a  posterior  long  slender  tooth  or 
cartilage  plate  extending  just  below  it  (double  in  the  right  valve), 
and  another  similar  but  shorter  one  in  front  of  the  beaks,"  and 
then  adds  that  there  is  ^'  occasionally  one  small  cardinal  tooth  be- 
neath the  beak.'' 

lu  the  shell  here  described,  the  hinge  may  be  characterized  as 
having  one  rather  well  defined,  subtrigonal,  or  somewhat  obliquely 
extended  cardinal  tooth  under  the  beak  of  the  right  valve,  and  a 
corresponding  pit  under  the  beak  of  the  left  valve,  with  sometimes 
a  slight  prominence  or  rudimentary  cardinal  tooth  just  in  advance 
of  this  pit ;  while  of  posterior  lateral  teeth  there  is  in  the  right 
valve  one  long  tooth  ranging  parallel  to  the  cardinal  margin,  with 
a  parallel  furrow  above  and  below  it  for  the  rece])tion  of  two  poa- 
terior  laters  in  left  valve,  the  lower  one  of  whicli  is  more  promi- 
nent, and  the  upper  merely  linear  or  rudimentary.  The  furrow  be- 
tween  these  two  posterior  lateral  teeth  of  the  left  valve  is  well  de- 
fined, and  receives  the  tooth  between  the  two  furrows  in  the  other 
valve.  Below  the  lower  of  these  furrows  on  the  posterior  side  of 
the  right  valve,  there  is  a  very  slight  marginal  ridge,  that  may 
soniet lines  assume  the  character  of  a  second  posterior  lateral,  but 
it  is  most  prominent  anteriorly,  where  it  connects  with  the  cardinal 
tooth,  of  which  it  seems  rather  to  be  an  oblique  posterior  prolon- 
gation, than  a  distinct  tooth.  On  the  anterior  side,  there  is  one 
shorter  anterior  lateral  tooth  in  the  right  valve,  also  ranging  par- 
allel to  the  hinge  margin,  and  above  and  below  this  a  little  furrow 
for  the  reception  of  two  small  anterior  laterals  in  the  left  valve, 
which  receive  between  them  that  of  the  right  valve. 

The  pallial  line  is  certainly  simple,  and  the  muscular  impressions 
well  detined,  the  posterior  one  being  larger  than  the  other,  and 
provided  w\x\\  a  small  accessory  scar  above  just  under  the  posterior 
ends  of  the  posterior  lateral  teeth.  The  ligament  or  cartilage  was 
probably  small  and  internal,  as  there  are  no  traces  of  an  external 
ligament  to  be  seen,  the  valves  fitting  close  all  along  the  hinge 
margin.  No  lunule  or  escutcheon  is  to  be  seen  in  any  of  the  spec) 
mens.* 

The  specific  name  is  given  in  honor  of  S.  A.  Miller,  Esq.,  of  Cin- 
cinnati, Ohio,  who  sent  on  to  the  Smithsonian  Institute  the  first 

*  Fruui  all  of  the  Kuown  cuaractfis  of  such  extinct  sliells  as  thi>,  1  would  U: 
inclined  to  refer  them  t.>  the  family  Orasnatellida:.  instead  of  to  tlie  Myiiltda,  with 
which  Prof.  McCoj  assooiMtes  Anodonto2>sis. 
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specimens  of  this  shell  I  have  seen.  I  am  also  indebted  to  him  for 
some  broken  valves  showing  the  hinge.  For  the  use  of  a  good 
specimen  showing  the  hinge  of  the  left  valve  I  am  likewise  under 
ooligations  to  C.  B.  Dyer,  Esq.,  of  Cincinnati. 

Locality  and  position. — Forty  miles  west  of  Cincinnati,  Ohio, 
above  the  middle  of  the  Cincinnati  group,  of  the  Lower  Silurian. 

Anodontopsis  ?  uNioNoiDEs  Meek. 

This  species  has  at  least  all  the  erteinal  characters  of  the  genus, 
including  the  last,  but  nothing  is  known  of  the  nature  of  its  hinge. 
Specifically  it  differs  from  the  species  MiUeri^  not  only  in  being 
very  much  larger  than  the  adult  size  of  that  shell,  but  in  having 
its  anterior  outline  more  regularly  rounded,  and  its  posterior  ob- 
liquely subtiTincated  above,  and  with  its  most  prominent  part  be- 
low the  middle.  Its  ventral  margin  is  also  much  straighter  in 
outline ;  while  its  beaks  are  more  depressed  and  placed  decidedly 
nearer  the  anterior  side,  and  its  dorsal  margin  is  not  declining  on 
the  posterior  side  of  the  beaks  as  in  the  last.  It  likewise  differs 
in  having  its  posterior  umbonal  slopes  more  convex  on  a  line  fit)m 
the  beaks  to  the  posterior  basal  margin. 

Length,  r7-^  inches;  height,  I'll  inches;  convexity,  0*63  inch. 

JLocality  and  position^  same  as  last.  The  only  specimen  I  have 
seen  was  kindly  loaned  to  me  for  description  and  illustration,  by 
Mr.  S.  A.  Miller,  of  Cincinnati. 

Hemarks  on  the  genus  LichenocrinrM^  by  F,  B.  Meek. 

Perhaps  of  all  the  remarkable  types  of  that  protean  order  of 
animals  known  as  the  Crinoideay  there  are  few  more  curious  and 
interesting  forms  (if  really  the  body  of  a  Crinoid)  than  that  for 
which  Prof.  Hall  proposed  the  name  LicJienocrinus.  Having  re- 
cently had  an  opportunity  to  examine  an  extensive  series  of  speci- 
mens belonging  to  both  of  the  known  species  of  this  type,  in  the 
collections  of  Mr.  C.  B.  Dyer  and  other  gentlemen  of  Cincinnati, 
I  propose  to  make  a  few  remarks  on  the  same,  that  may  be  of 
some  interest  to  paleontologists,  especi&lly  as  this  fossil  is  little 
known,  and  the  specimens  now  obtained  afford  the  means  of  giv- 
ing a  more  extended  description  of  its  characters  than  that  al- 
ready published. 

Prot  Hairs  generic  description  of  this  crinoid  reads  as  follows : 
"  Bodies  parasitic  on  shells  and  other  foreign  substances.  Form 
discoid  or  depressed-convex,  with  a  proboscidiform  appendage 
rising  from  the  centre.  Disk  composed  of  an  indefinite  number  of 
polygonal  plates,  and  apparently  having  no  distinct  mode  of  ar- 
rangement. Proboscis  perforate,  and  in  the  known  species,  formed 
of  five  ranges  of  short  plates  alternating  and  interlocking  at  the 
margins." 

From  the  specimens  now  known,  the  following  more  extended 
description  oi  this  fossil  may  be  given : 

Discoid  or  depressed-plano-convex  bodies,  growing  firmly  at- 
tached to  shells,  corals,  trilobites  and  other  marine  objects,  and 


800        F.R  Mmh  m  new  i^urfan  Crinoick  and  SikdU. 


entirely  destitute  of  free  or  recumbent  arms  or  innniil«y  ambalienl 
openingg  or  pectinated  rhombe.  Free  or  convex  aidi^  ooncave  in 
the  central  region,  and  composed  of  nnmerona  small,  noiHmlnioa- 
ting  polygonal  plates,  without  any  definite  arrangement;  metial 
depression  provided  with  a  very  long,  slender,  pemrated,  flexible 
coiumu-like  appendage,  composed  of  five  longitodinal  series  of 
short,  alternately  interlocking  pieces.  Attached  side,  when  sep- 
arated, presenting  no  sntures  or  openings,  but  in  some  oonditionB, 
showing  numerous,  distinct  regularly  arranged,  radiating  ttruB. 
corresponding  to  radiating  lunelle  that  occupy  the  whole  intemsl 
cavity  from  top  to  bottom. 

Among  the  more  remarkable  features  of  this  fosdl,  idmj  be  men- 
tioned its  very  curious  system  of  radiating  lamella  ooonpyiBg  die 
whole  internal  cavity,  and  givinff  it,  when  the  plates  of  the  upper 
side  are  removed  so  as  to  expose  tnese  lamella  in  place  and  attaoaed 
to  the  adhering  side,  almost  exactly  the  appearance  of  the  little 
fungioid  coral  JUtcrabacia,  The  entire  absence,  so  fiv  as  known, 
of  me  or  recumbent  arms  or  pinnute,  as  well  as  of  the  moat  minnte 
ambulacral  or  other  openings,  save  the  minnte  perforation  into 
the  slender  column-like  appendage ;  and  the  attachment  of  this 
appendage  to  the  free  side  of  the  firmly  adherinff  disk,  are  alao  very 
anomalous  features,  if  we  view  this  disk  as  the  body  of  a  orinmd. 

On  examining  one  of  these  fossils,  one  of  the  first  qneationa  that 
suggests  itself  is,  what  can  be  the  nature  of  this  lonff  slender  ap- 
pendage, not  more  than  four  to  eiffht  or  ten  hundredths  of  an  indi 
m  diameter,  and  several  inches  in  lenffth  f  Is  it  h<Hnok«ons  with 
the  so-called  proboscis  or  ventral  tune  of  other  crinoiaB|  or  with 
the  column  of  the  same?  Prof.  Hall  evidently  entertained  the 
former  opinion  at  the  time  he  wrote  the  diagnotts  quoted  above, 
though  I  was  informed  at  Cincinnati,  that  after  seeing  other  sp^* 
mens  than  those  from  which  his  diagnosis  was  written,  he  inclined 
to  the  opinion  that  it  is  a  column.  That  one  or  the  other  of  these 
views  is  correct,  would  almost  necessarily  seem  to  be  the  case,  and 
yet  there  would  appear  to  be  rather  strong  objections  to  both  of 
these  conclusions,  if  we  .view  the  disk  as  the  body  of  a  orinoid. 
In  the  first  place,  if  a  column,  why  should  the  body,  instead  of  be- 
ing, as  usual,  attached  by  it,  be  always  (when  not  accidentally 
detached)  found  growing  firmly  by  the  whole  opposite  side  to 
foreign  bodies,  and  this  long  appendage  in  all  cases  be  left  dang- 
ling tree,  and  if  viewed  as  a  column,  apparently  useless  ?  Again, 
if  a  column,  connected  with  the  free  side  of  the  body  of  an  at- 
tached crinoid,  how  are  we  to  account  for  the  &ct  that  no  traces 
of  any  other  opening  than  that  passing  in  through  this  appendage 
can  be  seen,  even  bv  a  careful  exammation  under  a  magn^er,  m 
any  part  of  the  body  ?  In  addition  to  this,  it  does  not  connect 
with  the  disk  by  a  series  of  basal  pieces,  as  is  usually  the  esse 
with  the  connection  of  the  column  of  a  crinoid  or  cystoid  to  the 
body  of  the  same,  but  on  the  contrary,  the  plates  of  the  disk 
diminish  in  size  inward,  and  pass  by  easy  graaations  into  those 
forming  the  base  of  this  long  appendage. 
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On  the  other  hand,  if  we  proceed  to  view  this  appendage  as  a 
proboscis,  or  ventral  tnbe,  connecting  with  the  ventral  side  of  the 
Dody,  we  are  met  bv  the  objection  of  its  extreme  proportional 
length,  slenderness,  flexibility,  and  the  fact  that  it  seems  to  taper 
off  nearly  to  a  point  at  its  free  end.  In  Mr.  Dyer's  collection  there 
is  a  piece,  apparently  of  the  free  end  of  this  organ,  about  an  inch 
in  length,  and  agreeing  exactly  in  size,  form  and  structure,  with 
that  of  L.  Dyeri,  that  is  broken  at  one  end,  and  tapers  to  a  slight- 
ly blunted  point  at  the  other  end,  which  is  composed  of  very  mi- 
nute pieces  drawn  together.  In  other  examples,  where  three  or 
four  inches  in  length  of  this  appendage  can  be  seen  attached  to 
the  disk  at  one  end,  it  tapers  on  until  it  becomes  exceedingly  slen- 
der at  the  free  broken  end.  This  character  of  its  termination,  es- 
pecially when  viewed  in  connection  ^^th  its  length,  slenderness 
and  other  characters,  would  seem  to  be  a  strong  objection  to  the 
conclusion  that  it  is  a  ventral  tube  or  proboscis.  Still  there  might 
have  been  a  minute  opening  at  the  extremity,  closed  by  diminutive 
pieces,  as  we  often  see  is  the  case  with  the  opening  of  much  larger 
crinoida. 

While  examining  the  specimens  of  this  type,  several  solutions 
of  the  mystery  of  its  structure  suggested  themselves,  the  first  one 
of  which  was,  that  possibly  the  disk,  viewed  as  the  body,  might 
really  be  only  a  peculiarly  constructed  root,  or  base  of  attachment 
of  a  crinoid,  the  body  of  which  grew  at  the  free  end  of  the  long 
column-like  appendage.  This  suggestion  derives  some  support  from 
the  fact  that  the  disk,  although  usually  growing  on  the  flat  surfaces 
of  shells,  etc.,  is  sometimes  found  growing  upon  the  side  of  the  col- 
umns of  other  larger  crinoids,  as  well  as  on  other  uneven  surfaces, 
and  in  such  cases,  it  is  bent  around  to  conform  to  the  curve  of  the 
Burface  of  attachment,  just  as  we  see  in  crinoid  roots  similarly 
sitaated ;  while  its  whole  interior  is  so  filled  with  radiating  lamel- 
IsB,  as  to  leave  extremely  little,  if  any,  space  for  the  viscera  of  an 
animal,  and  is,  as  already  stated,  apparently  hermetically  sealed, 
excepting  the  minute  canal  leading  up  into  the  long  appendage.  It 
is  true  that  the  ro6ts  of  crinoids  are  generally  formed  of  thickened 
and  anchylosed  rings  or  segments  of  the  column,  but  Mr.  Billings 
has  figured  the  root  of  one  type  ( Cleiocmius  grandia)^  apparently 
composed  of  an  accidentally  folded  expansion  of  minute  polygo- 
nal plates ;  and  it  is  worthy  of  note,  that  the  column  attached  to 
this  root  b  longitudinally  divided  by  five  sutures.  It  is  also  true, 
that  there  is  no  example,  so  far  as  known  to  the  writer,  of  any 
socb  system  of  radiated  lamellaB  being  connected  with  the  root  of 
a  crinoid ;  but  this  objection  would  doubtless  apply  with  even 
greater  force  against  the  conclusion  that  this  disk  is  the  body  of 
one  of  these  animals. 

On  the  other  hand,  among  the  strong  objections  to  the  sugges- 
tion that  these  disks  are  roots,  may  be  mentioned  their  very  reg- 
ular symmetrical  form,  and  the  fact  that  no  indications  of  a  body 
at  the  free  end  of  the  column-like  appendage  have  yet  been  ob- 
served, nor  of  a  detached  body  witn  adhering  portions  of  a  col- 


802         F,  B,  Meek  on  new  Silurian  Qrinoids  and  SheHs, 

umn  agreeing  with  this;  while  no  free  criniod  that  might  have 
been  attached  to  this  colonm  in  its  early  stages  of  growth,  is 
known  in  these  rooks.  In  addition  to  this,  the  tapering  and  pointed 
extremity  of  this  appendage  would  seem  to  render  it  at  least  im- 
probable that  it  had  ever  supported  a  body  at  that  end. 

Two  other  solutions  of  the  difficulty  suggest  themselves,  one 
of  which  is,  that  possibly  the  specimens,  as  we  now  see  them, 
may  not  be  the  mature  condition  of  the  animal,  but  only  one  of 
the  stages  of  development  of  some  Grinoid,  which,  if  known  in  its 
adult  condition,  is  supposed  to  be  an  entirely  distinct  type.  The 
other  is  that  the  disks,  as  we  now  see  them  growing  fast  to  other 
bodies,  may  be  the  adult  condition  of  a  Crinoid  that  in  its  earlier 
stages  of  growth  was  supported  on  its  little  column,  as  in  other 
tvpes,  being  otherwise  free,  and  that  at  a  later  period  of  its  growth, 
the  column  became  free  at  its  lower  end,  and  was,  for  a  time,  trailed 
about  by  the  floating  body,  which  finally  inverted  itself  and  grew 
feist  to  other  objects  by  what  was  originally  its  vault  The  &ct, 
however,  that  these  disks  attain  a  diameter  of  at  least  hal£  an  inch, 
with  the  elongated  appendage  fourinchesormore  in  length,  would, 
even,  if  known  analogies  supported  such  a  view,  seem  to  be  a  very 
strong  objection  to  the  conclusion  that  these  are  immature,  or  em- 
bryonic forms ;  while  to  say  nothing  of  other  strong  objections 
that  naturally  present  themselves  against  the  last  mentioned  sug- 
gestion, the  occurrence  of  these  disks  of  all  sizes,  from  the  largest 
down  to  others  less  than  a  tenth  of  an  inch  in  cUameter,  all  alike 
growing  fast  to  other  bodies  by  the  side  opposite  the  column-like 
appendage,  seems  to  demonstrate  that  this  is  their  mode  of  growth 
from  the  first.* 

In  view  of  all  that  is  now  known  of  this  curious  fossil,  it  seems 
to  me,  without  undertaking  to  express  a  positive  opinion  on  the 
subject,  that  the  weight  of  evidence  (supposing  that  these  disks 
are  really  the  bodj/  of  the  crinoid )  favors  the  conclusion  that  the 
long  appendage  is  a  ventral  tube ;  but  if  the  appendage  is  a  col- 
umn, then  I  should  incline  to  the  opinion  that  the  disk  is  a  peca- 
liarly  organized  root,  and  that  the  body  may  be  yet  unknown,  un- 
less as  an  entirely  distinct  crinoid. 

For  the  use  of  specimens  of  this  fossil,  I  am  under  obligations 
to  Mr.  C.  B.  Dyer,  Mr.  U.  P.  James,  Mr.  D.  H.  Shaffer,  Dr.  H. 
H.  Hill  and  Dr.  R.  M.  Byrnes,  of  Cincinnati.  Mr.  Dyer's  collec- 
tion, however,  contains  much  the  most  complete  and  instructive 
series.  Full  illustrations,  showing  all  of  its  known  characters,  will 
be  prepared  for  the  reports  of  the  Ohio  Geological  Survey.  The 
two  known  species,  L.  Di/eri  and  Z.  crateriformis,  occur  in  the 
Cincinnati  group  of  the  Lower  Silurian,  near  Cincinnati,  Ohio. 

♦  In  a  few  very  rare  cases,  the  disk  lias  been  found  detached,  and  allowing  the 
flat  side  marked  by  very  reguljir  radiating  striae.  It  is  almost  certain,  however, 
from  the  fact  that  hundreds  of  specimens  have  been  found  growing  firmly  to 
other  bodies,  that  these  few  separated  individuals  had  become  detached  by  the 
disintegration  of  the  object  upon  whicli  they  grew,  and  that  the  radiating  stris 
are  only  the  edges  of  tlie  lamelke  within,  exposed  by  weathering,  as  we  also  some- 
times see  on  the  upper  side  of  weathered  specimens. 
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Art.  XXXVIIL — Discovert/  of  a  new  Planet,  and  the  Elements  of 
the  114<A  Asteroid ;  by  Dr.  C.  H.  F.  Peters.  (From  a  letter 
to  one  of  the  editors,  dated  Litchfield  Observatory  of  Hamilton 
College,  Clinton,  Oneida  Co.,  N.  Y.,  September  11,  1871). 

On  the  night  of  the  8th  inst.  a  new  planet  was  found,  which 
probably  will  receive  the  number  (116)  of  the  asteroid  ffroup. 
The  weather  has  favored  me,  and  I  have  obtained  the  three  follow- 
ing observations : — 

Ham.  Coll.  m.  t  A.R.  (116).  DecL  (116). 

1871,  Sept,  8.     15^  33™  34"  0^14°^  6-5»  —3°  44'  38" 

9.     11    47     31  0    13  30-3  -3    48  48 

10.      12    38       3  0    12  41-7  -3    64  12 

These  positions  may  be  slightly  modified  by  adopting  more  cor- 
rect places  of  the  stai-s  of  comparison.  The  planet  is  somewhat 
brighter  than  11th  magnitude. 

Of  the  1 14th  asteroid  (which  has  been  named  Cassandra),  I 
have  computed  the  following  elements,  from  observations  of  July 
28,  Aug.  8  and  18:— 

Epoch :  1871,  Jan.  0.     Berlin  m.  t 
Mj,=:118°    5'l"-84 
7r=148    29  23-1     ) 

i2  =  163    53  32-3    >  Mean  Equ.  1871,  0. 
i=i      5      \  30-05  ) 
cp=.      8    51   32-14 
;i=817"-54 
log  a  =  0-4249978. 

These  represent  an  observation  of  Sept.  9  to  within  a  few  seconds, 
and  therefore  must  be  very  nearly  accurate.  From  them  we  learn, 
farther,  that  the  planet  is  really  not  so  very  small,  but  only  ap- 
peared 80  in  its  present  opposition.  For,  we  find  that  it  is  now  m 
the  remoter  part  of  its  orbit,  near  its  aphelion. 


SCIENTIFIC    INTELLIGENCE. 

L  PHYSica 

1.  Researches  in  Electricity  : — Inaugural-Dissertation  for  the 
attainment  of  the  Degree  of  Doctor  of  Philosophy  at  the  Georg- 
Auffttst- University,  G 6ttingen  ;  by  Thos.  R.  Baker,  of  Peunsyl- 
vaoia,  U.  S.  A. — The  prominent  part  of  these  researches  was  the 
comparison  of  the  spark  lengtli  of  a  given  quantity  of  electricity 
with  its  density,  and  also  the  spark  length  with  the  quantity 
itself.  The  apparatus  used  was  the  Lane  discharging  jar,  the 
sinus  electrometer  of  R.  Kohlrauscb,  and  a   large  multiplicator 
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emplojed  b^  Professore  Weber  and  R.  Kohlraaeoh  in  their  dels* 
miuation  of  the  magnetic  and  mechanioal  Qnits  of  dcetriehf; 
The  sinas  electrometer  is  an  apparatus  by  wbidi  the  deonty  of 
electricity  is  determined  by  the  efforto  of  a  charged  magnelio 
needle  (a  small  magnet)  against  the  horiaontal  iotensity  oftiis 
earth's  magnetism.  By  means  of  the  maltiplicator,  the  qnutity 
of  electricity  is  estimated  by  measuring  the  infloenoe  of  a  ewml 
many  times  multiplied  upon  a  small  magnet  within  it. 

The  jar  and  electrometer  combined  were  used  for  the  first  ptft 
of  the  investigation.  The  apparatus  was  charged,  and  then  hf 
means  of  a  micrometer  the  negative  was  made  to  approach  thi 
positive  ball  of  the  jar  until  the  spark  appcMU'ed,  and  at  Uui 
instant  the  position  of  the  needle  was  noted. 

The  jar  combined  with  the  mnltiplicator  served  for  the  seooni 
part  of  the  investigation.  The  balls  of  the  jar  were  placed  il 
nzed  distances  apart;  and  then  the  eleotrioal  maohiiie,  also  eoa- 
nected  with  the  apparatus,  turned  until  tiie  appearaooe  of  lis 
spark. 

The  examination  of  the  relation  was  made  by  aeddng  Ai 
straight  line  or  curve  whose  e(^uation  the  ezpreoeioiM  fiw  the  d^ 
ments  of  comparison  in  question  regarded  aa  oolhndiiiates  inoik 
nearly  satisfied. 

From  the  results  obtained  it  is  concluded  that  the  reIaliQ« 
sought  in  both  parts  of  the  investigation  most  nearly  approsdi 
that  of  the  coOrainates  of  the  hyperbola,  though  that  rdation  ii 
-not  presented  as  etearly  the  physical  law  in  the  ease. 

The  relation  of  the  electrical  condition  of  the  atmosphere  to 
its  moisture,  temperature  and  pressure,  and  the  effect  of  motion 
upon  the  escape  of  electricity  from  the  needle,  were  investigated 
at  the  same  time.  In  the  latter  it  was  shown  that  the  needk 
when  in  motion  lost  its  electrical  charge  considerably  sooner  thsa 
when  at  rest. 

MiUerayiUe,  Pa.,  Aug.  14th  1871. 

2.  Water  ur\fraxen  at  a  temperattire  of  —  18^  C. — ^BousaiNOAUiff 
finds  that  by  preventing  the  dilatation  of  w^ter,  it  ni»y  be  kept 
unfrozen  down  to  —  1 8°  C.  He  experimented  with  a  gun  barrel  of 
steel,  into  which  a  steel  ball  was  dropped  before  filling  it  whbwatv. 
During  the  cold  davs  of  December  26,  27  and  80,  last,  the  tem- 
perature fell  to  —12^  and  — 18%  and  yet  on  shaking  the  tube  the 
ball  was  found  to  move  freely,  showing  that  the  water  was  not 
frozen. — L^Listituty  July  1 2, 

IL  Geology  and  Natural  History. 

1.  Glaciers. — Canon  Moseley  has  a  paper  entitled,  "  On  the  Me- 
chanical impossibility  of  the  descent  of  glaciers  by  their  weight 
alone,"  in  the  Philosophical  Magazine  for  August. 

2.  7?//?e  of  the  Glacial  epoch, — Lieut.-CoL  Dray  son  in  discuH- 
ing  before  the  Geological  Society  the  "  probable  cause,  date  and 
duration  of  the  Glacial  epoch,"  starts  from  the  fact  that  the  pole 
oi  the  ecliptic  would  be  the  center  of  polar  motion  as  the  pde 
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led  its  distance  from  that  center.  He  indicated  the  curve  which 
pole  did  trace,  and  this  curve  was*  such  as  to  give  for  the  date 
000  B,  C,  a  climate  very  cold  in  winter,  and  very  hot  in  sum- 
r,  for  each  hemisphere ;  the  duration  of  the  glacial  epoch  he 
^d  at  about  16,000  years.  He  stated  that  the  calculation  result- 
from  this  movement  agreed  accurately  with  observation. — PhiL 
ig.  Aug.,  1871. 

L  Das  JSlbthcUgebirge  in  Sachsen,  von  Dr.  Hanns  Bruno 
JSTTZ,  1st  Part.  L  The  Sea  Sponges  of  the  Lower  Quader. 
pp.  4to.  with  10  plates.  Cassel,  1871.  (Theodor  Fischer). — 
IB  valuable  memoir  by  Dr.  Geinitz  notices  or  describes  and 
nirably  figures  the  following  sponges :  Spongia  Saxonica  Gein., 
ihrospongia  subreticuUxta,  Mtlnster  in  litt.,  (Jr.  isopkwra  Reuss, 
.  heteromorpha  Reuss,  Cr,  bp¥ons  Reuss,  Phcoscyphia  pertusa 
in.,  Amorphospongia  vola  Michelin,  Sparsispongia  varians  de 
jrsL,  Tretnospongia  (d'Orb.)  pulvinaria  Gold!  sp.,  TV.  rugosa 
Idl  sp.,  TV.  Klieni  6ein.,  Oupulospongia  (d'Orb.)  injkmd^ntii' 
Tnis  Goldl  sp.,  C.  Roemeri  Gem.,  Stdlispongia  Plauensis 
in.,  St.  Reussi  Gein.,  St.  Goldfussiana  Gem..,  St,  Michelini 
in.,  EpitheUs  (de  From.)  tetragona  Gold£  sp.,  M  foraminosa 
,  jE  robusta  Gein.,  E.  furcata  Goldt  sp.,  Cnerendopora  undu- 
a  Mich.,  Ch.  paterceformis  Mich.,  Eiamostoma  (de  From.), 
yrmanianum  d'Orb.  sp.,  El.  consobrinum  id.  Swhonia  piHfor- 
8  Goldl,  S.  annulata  Gein.,  S.  bovista  Gein.  The  memoir  is  a 
•y  important  contribution  to  this  department  of  paleontology. 
L  Sieholdtia  Davidia?ia. — M.  Blanchard  has  described  under 
B  name  a  large  Salamander  from  the  north  of  China,  which 
pears  to  be  different  from  that  of  Japan. — 1j  Institute  July  12. 
5.  Bivalve  Crustaceans, — A  paper  on  recent  Ostracoids,  bivalve 
istaceans,  from  the  Gulf  of  St.  Lawrence,  by  G.  S.  Brady, 
contained  in  the  Canadian  Naturalist,  No.  4  of  Vol.  V.  It 
ludes  notices  of  20  species,  5  of  which  are  illustrated  by  13 
ures. 

5.  On  the  early  stages  of  Terebratulina  s^tentrionalis,  by 
►WARD  S.  MoBSE,  Ph.D.  12  pp.  4to,  with  two  plates.  A  paper 
>wing  careful  research,  from  tne  Memoirs  oi  the  Boston  Society 
Natural  History,  Vol.  II,  Part  I,  No.  IL 

7.  Glacier  Scratches  along  vaUeys.  (Appendix  to  Art.  XXXIL) 
Pro£  Emmons,  in  his  N.  Y.  Geological  Report  ^1842)  at  page 
2,  says  that  the  direction  of  the  glacier  scratches  m  northeastern 
5W  York  "  conforms  to  that  of  the  great  valleys ;  in  the  Cham- 
«n  valley  it  is  north  and  south ;  in  the  St.  Lawrence  valley, 
ithwest.'  The  particular  localities  where  his  observations  were 
ide  are  not  mentioned.  He  describes  deep  and  broad  channel- 
pa  of  the  Trenton  limestone  west  of  Watertown,  on  Black  River, 
lich  have  a  southwest  course,  and  extending  to  the  shore  of  . 

ke  Ontario,  a  distance  of  ten  miles ;  and  states  that  the  scorings  ^ 

the  rocks  are  parallel  to  the  valleys,  which  here  run  southwest, 
aong  western  observations  on  this  point  not  published  in  this 
omal,  are  those  of  Prof.  C.  A.  White  in  his  Iowa  Report,  and 
we  of  Dr.  Newbeiry. 
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8.  Antfisr8ofJPouma$9ia» — ^IntheJoiinuLlofdieLiiiiiemnSoeiBli]^ 
vol  xi,  Mr.  A.  W.  Benoett  publiahed,  two  or  three  yean  agaa 
intereBtin^  article  upon  Pamaaaia^  its  Btmoture,  affinities,  ud  ik 
mode  of  rertiiizatioii.  I  am  now  to  ^jemark  only  upon  ite  aadia^ 
which  are  generally  described  as  extrorsa  Mr.  bennett,  obserring 
that  the  present  writer,  in  the  Qenera  of  North  American  Ffaali 
Dlostrated,  describes  the  anthers  as  introrse,  and  givea  a  drawBf 
of  P.  Carolinuma  as  an  illustration,  proceeds  to  aay :  ^I  do  boI| 
however,  find  any  other  observer  to  agree  with  P^ronaesor  Giwrt 
observation  in  this  respect,  except  two  American  botaAUsls,llL 
Torrey  and  Mr.  Chapman,  who  have  probably  bocrowed  didr 
descriptions  from  him ;  nor  do  any  specimens  which  I  have  btt| 
able  to  examine  of  this  species  confirm  any  dquurtore  in  this  reqpMk 
from  the  ordinary  type  of  the  genus.** 

It  is  easy  to  diow  that  Dr.  Torrey's  observation^  at  leasl^  k 
independent  and  original  In  his  Flora  of  Northern  and  Midlb 
States,  published  in  1824,  p.  326,  he  described  the  anthers  of  P. 
Caroliniana  as  **  incumbent  ;**  in  his  New  York  State  I'lcwi^  i84l| 
as  "  fixed  bv  the  base,  introrse."  The  first  volume  id  the  GI«Ma 
N.  Amer.  Illustrated  appeared  in  1848.  This  season  I  hmve^fiirthi 
first  time,  had  the  gooa  fortune  to  see  both  P  pahaina  aodP. 
Caroliniana  in  fiower,  in  the  Botanic  Garden  of  H»rv«rd  Uhiv»> 
sity,  the  former  blossoming  at  the  beginning,  the  latter  at  the  don 
of  August.  The  difference  between  the  two  species  ''in  thuit- 
spect "  is  obvious. 

In  P.  fxdugtriSf  the  anthers  are  certainly  extrorse  aato  inserticm; 
but  the  Ime  of  dehiscence  lateral,  with  introrse  rather  than  extrone 
tendency. 

In  P.  Caroliniana^  the  anthers  are  quite  as  mnch  introne  ai 
extrorse  as  to  insertion,  and  truly  introrse  for  dehiscence.  A 
transverse  section  removes  all  doubt,  showing  the  connective  or 
solid  part  to  be  posterior,  and  the  anther  to  be  as  truly  introrse  ai 
possible.  iu  a 

9.  Journal  of  the  Zdnnean  Society  iBotany)^  No.  65,  oomr 
mencing  the  1 3th  volume,  contains  several  papers  of  some  mterest 
Dr.  Hance,  of  Canton,  has  discovered  and  describes  the  plant  die 
root  of  which  is  the  Lesser  Galingal,  an  export  firom  southern 
China.  He  makes  it  a  new  species  of  A^inia^  A.  officinarwn 
Hance,  but  very  near  Roxburgh's  A.  ccUctrnxia,  It  appeals  that 
the  export  of  it  is  increasing :  1 1 2,000  pounds,  valued  at  £478,  left 
China  in  the  year  1867;  nearly  178,000  pounds  in  1868;  and 
370,800  pounds,  valued  at  £3047,  in  1860.  Dr.  Hance  also  con- 
tributes an  article  on  the  Chinese  Silk-worm  Oaks :  he  concludes 
"  that  all  circumstances  would  seem  to  conspire  to  render  the  cul- 
ture of  the  oak  silk-worm  in  Europe  a  sure  matter  of  success,  if 
properly  set  on  foot  and  fostered."  Mr.  Hanbury  contributes 
Historical  Notes  on  the  Radix  GcUangm  of  Pharmacy;  from 
which  it  appears  that  its  introduction  into  Europe  was  due  to  the 
Arabs.  Although  the  drug  has  lost  the  important  place  which  it 
once  held  in  medicine,  being  merely  an  aromatic  stimulant,  which 
might  take  the  place  of  ginger,  yet  it  is  still  largely  consumed, 
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especially  in  Russia,  where  it  is  used  for  flavoring  the  lifjfueur 
called  nastvika^  as  a  cattle-medicine,  and  by  the  Tartars  it  is  taken 
with  tea. 

Dr.  Masters  gives  a  Note  on  the  Genus  Bt/rsanthus  GuilL,  and 
its  floral  conformation,  suggesting  an  explanation  of  the  singular 
arrangement  of  the  glands  and  stamens,  and  indicating  that  two 
species  have  been  confounded. 

Rev.  S.  Matier  discourses  on  Tamil  Popular  Names  of  Plants. 

The  brothers  Tulasne  contribute  New  Notes  upon  the  TVemel' 
Itneous  Fungi  and  their  Analogues,  dating  from  the  Western 
Coast  of  France  in  December  last. 

Mr.  Neale  contributes  from  S.  Africa  four  papers,  three  of 
them  upon  certain  Orchids  and  their  Fertilization,  and  one  upon 
the  mode  in  which  certain  Asclepiadece  are  fertilized.  The 
details  are  cuiious,  but  can  hardly  be  condensed  into  an  abstract. 

Mr.  Bentham,  President  of  the  Society,  concludes  the  number 
with  his  paper  on  the  styles  of  Australian  JProtectcem;  illustrated 
by  two  plates.  The  flowers,  seemingly  arranged  for  self-fertiliza- 
tion, are  really  adapted  for  crossing,  m  some  by  a  sort  of  dicho- 
gamy, the  stigma  being  immature  at  the  time  when  the  pullen  is 
deposited  just  around  it;  in  others  the  stigma  is  curiously  and 
variously  protected  or  kept  out  of  the  way  of  the  anthers  (some- 
times through  the  agency  of  a  castrated  stamen)  until  after  the 
pallen  of  that  flower  is  all  shed.  a.  g. 

m  Miscellaneous  Scientific  Intelligence. 

1.  Tkoentieth  Meeting  of  the  American  Association  for  the  Ad- 
vancement  of  Science,  held  at  Indianapolis,  Indiana,  August 
16-21,  1871. — The  satisfactory  result  of  the  Chicago  meeting  of 
the  American  Association  in  1868,  had,  no  donbt,  its  influence  in 
deciding  the  choice  of  Indianapolis  as  the  place  for  holding  the 
recent  session.  The  result  seems  on  the  whole  to  have  justified 
the  expectations  of  those  who  advocated  the  claims  of  the  capital 
of  the  State  of  Indiana  for  this  annual  Congress  of  Science.  The 
number  in  attendance  is  stated  to  have  been  about  200,  or  about 
the  same  as  at  Troy,  Salem,  and  Chicago.  The  titles  of  papers 
entered  are  fewer,  having  been  78,  against  143  at  Troy,  and  160 
each  at  Salem  and  Chicago. 

.  The  Indianapolis  meeting,  under  the  presidency  of  Dr.  Asa 
Gray  of  Cambridge,  appears  to  have  given  much  satisfaction  to 
those  present,  among  whom  were  many  distinguished  workers 
in  science.  His  Excellency  Governor  Baker  welcomed  the  Asso- 
ciation to  the  hospitalities  of  Indianapolis  and  of  the  State  of  In- 
diana in  a  cordial  opening  speech,  to  which  the  retiring  President, 
Dr.  T.  Sterry  Hunt,  replied  in  his  usual  appropriate  and  grace- 
ful manner. 

The  formal  address  of  the  retiring  President  was  delivered  on 
the  evening  of  the  first  day,  before  a  large  audience.  Its  subject, 
"The  Geognosy  of  the  Appalachians  and  the  origin  of  Crystalline 
Rocks,^'  and  its  general  scope,  are  stated  on  page  205. 
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An  interesting  feature  of  the  Indianapolis  meeting  was  an  ex- 
cursion on  a  grand  scale  to  the  coal  fields  of  Indiana.  The  ex* 
cursionists,  numberinor  over  four  hundred,  were  carried  in  eight 
coaches.  They  visited  at  Enightsville  the  iron  furnaces  of  the 
Watson  Brothers,  where  they  were  sumptuoualy  entertaiDed  at 
luncheon  ;  also  three  other  iron  furaaces  and  several  coal  mines  on 
the  way  to  the  town  of  Brazil,  where  they  were  welcomed  by  the 
citizens  at  Masonic  Hall  and  dined  with  the  usual  complimentaiy 
addresses  on  both  sides.  The  recent  development  of  the  ootl 
known  as  block  coal,  due  largely  to  the  intelligent  zeal  of  Pro£ 
K  T.  Cox,  the  State  Geologist  of  Indiana,  was  the  object  of  gTe2X' 
est  scientific  interest  in  the  excursion.  This  coal  is  used  in  the 
raw  state  in  the  iron  furnaces,  and  is  said  to  be  remarkably  fm 
from  both  sulphur  and  phosphorus.  The  excursion  rested  at 
Terre  Haute,  a  town  of  20,000  inhabitants,  which  seems  to  hare 
exhausted  every  means  to  render  the  visit  of  the  Association 
delightful  and  profitable.  Here  they  passed  the  night,  holding  an 
evening  general  session  at  the  Opera  House.  A  popular  lectare 
on  the  Winded  Reptiles  was  delivered  by  Mr.  A.  Waterhonse 
Hawkins.  On  the  ibllowing  morning  Dr.  Gray  delivered  a  lect- 
ure on  the  Fertilization  of  Flowers  by  Insects  to  a  delighted 
audience ;  and  after  an  early  dinner,  the  party  returned  by  special 
train  to  Indianapolia 

An  excursion  to  Mammoth  Cave  in  Kentucky  was  the  closini^ 
act  of  the  Association,  afler  the  adjournment  of  the  Indianapolis 
meeting. 

The  Association,  after  enjoying  the  public  and  private  hospitali- 
ties of  Indianapolis  and  of  the  sections  of  the  State  included  in 
the  excursions,  adjourned  on  the  21st,  having  voted  conditionally 
to  meet  in  San  Francisco,  California,  in  July,  1872,  the  final  decis- 
ion having  been  left  with  the  Standing  Committee. 

The  officers  chosen  for  the  next  meeting  are:  President, 
Dr.  J.  Lawrence  Smith,  of  Louisville,  Ky. ;  Vice-President, 
Prof.  Alex.  Winchell,  of  Ann  Arbor,  Mich. ;  Permanent  Sec'y, 
Prof.  Joseph  Lovering,  of  Cambridge,  Mass. ;  General  Sec'y, 
Prof.  E.  S.  Morse,  of  Salem,  Mass. ;  Treasurer,  William  S.  Vaui, 
of  Philadelphia. 

The  following  are  the  subjects  of  the  papers  presented,  and  of 
the  public  lectures  : 

1.  In  General  Session. 

1.  On  Pterosauria;  by  B.  Waterhouse  Hawkina 

2.  Fertilization  of  Flowers  by  Insect  Agency ;  by  Asa  Gray. 

3.  On  true  Musical  Intonation ;  by  J.  D.  Tillman. 

4  The  ?:arthquake  of  October,  1870;  by  Charles  Whittlesey. 

5.  Ou  the  Iron  and  Coal  Interest  of  Indiana ;  by  T.  Sterry  Hunt. 

6.  An  Examination  into  the  Laws  of  Development  of  Organic  Types;  by  E.  D.  Cope. 

2.  In  Section  A. — MatheinaticSy  Physics^  and  ChemUtry, 

1.  The  Daily  Motion  of  a  Brick  Tower  caused  by  Solar  Heat;  by  C.  G.  Rock- 
wood. 

2.  On  the  use  of  the  Zenith  Telescope  for  determination  of  Time;  by  J.  E.  Hi 
gard. 


MisceUaneoia  InteUtgenee.  809 

3.  On  the  oonstniotioQ  and  verifloadon  of  Metric  StandardB  for  the  United 
fcates ;  by  J.  E.  Hilgsrd. 

4.  Organic  Identity  of  the  Albumen  and  Bndopleura  of  Seeds;  by  T.  0.  Hilgard 
6.  The  Influence  of  the  Moon  on  the  Crust  of  the  Earth ;  by  Clinton  Roosevelt 
6.  On  Chemical  Equivalents ;  by  S.  D.  Tillman. 

t.  On  the  Transmission  of  Heat ;  by  S.  D.  Tillman. 

8.  The  RelatioQ  between  the  Distanoex  and  proper  Motions  of  the  Stars;  by  T. 
L  Safford. 

9.  On  the  Earthquake  of  October,  1870;  by  Charles  Whittlesey. 

10.  An  inquiry  conoeming  the  Physical  Relations  between  the  Massen  and  Mean 
tetances  of  the  Minor  Planets ;  by  Daniel  Elirkwood. 

11.  On  the  Distribution  of  the  Mean  Distances  of  the  Minor  Planets;  by  Daniel 
kizkwood. 

12.  Note  on  the  Periodicity  of  the  Solar  Spots;  by  Daniel  Kirkwood. 

13.  On  the  probable  age  of  Halley's  Comet ;  by  Daniel  Kirkwood. 

14.  Longitude  Determination  across  the  Continent;  by  George  W.  Dean. 

15.  On  3ie  Mutual  Action  of  Electric  Currents;  by  K  B.  Elliott 

16.  Radiation;  by  H.  F.  Walling. 

17.  The  Chemical  Equivalent  of  ^ther ;  by  H.  F.  Walling. 

18.  The  co-relation  of  Electricity  and  Chemical  Force;  by  H.  F.  Walling. 

19.  On  H  form  of  Boomerang  in  use  among  the  Mogni  Puebla  Indians  of  North 
Lmerica;  by  C.  C.  Parry. 

SO.  An  improvement  of  Kggertz's  Method  of  determining  Carbon  in  Steel;  by 
I  R.  Taylor. 

21.  The  Four  Great  Eras  in  Modem  Astronomy ;  by  Jacob  Ennis. 

SS.  Meteors ;  by  Jacob  Ennis. 

23.  The  cause  of  Stellar  Heat  and  Light ;  by  Jacob  Ennis. 

34.  The  Character  and  Chemical  Composition  of  the  Meteorite  that  fell  on  May 
1,  near  Searsmont  Maine ;  by  J.  Lawrence  Smith. 

26.  A  description  of  the  exact  locality  of  the  immense  masses  of  Meteoric  Iron 
a  Cohahuilaf  Mexico,  with  ^e  analysis  of  one  recently  discovered;  by  J.  Law- 
Bnoe  Smith. 

26.  A  convenient  and  certain  method  of  regulating  a  constant  level  of  Water  in 
be  water  ba^s  of  a  Laboratory ;  by  J.  Lawrence  Smith. 

37.  Remarks  on  the  Cinnabar  and  o^er  Minerals  Arom  California ;  by  J.  Law- 
01106  Smith. 

39.  A  new  and  ready  method  of  making  Platmum  black ;  by  J.  Lawrence  Smith. 

29.  A  ready  method  of  separating  the  Alkalies,  on  a  large  scale,  from  Lepidolite ; 
J  J.  Lawrence  Smith. 

30.  A  new  and  convenient  Specific  Gravity  Flask ;  by  J.  Lawrence  Smith. 

31.  On  tihe  Enharmonic  Sc»le  of  31  tones  in  the  octave,  and  a  new  practical  key- 
loard  corresponding  with  the  accepted  musical  notation;  by  P.  H.  Van  der  Weyde. 

32.  On  Oblique  Microscopic  Examination,  and  a  new,  simple  apparatus  for  the 
AOM ;  by  P.  H.  Van  der  Weyde. 

33.  On  the  use  of  the  Balance  for  determining  the  changes  in  Atmospheric 
?k«Muie,  and  the  oo-effident  of  Barometric  Correctness ;  by  P.  H.  Van  der  Weyde. 

34.  Ou  the  Invisible  Caloric  Extreme  of  the  Solar  Spectrum,  and  the  non-calorio 
inae  or  bands  in  the  same ;  by  P.  H.  Van  der  Weyde. 

36.  On  a  new  and  more  peifect  fire  test  of  illuminating  Petroleum,  without  the 
ise  of  fire ;  by  P.  H.  Van  der  Weyde. 

36.  An  application  of  an  exponential  function ;  by  J.  E.  Hilgard. 

37.  To  find  a  general  formula  for  the  length  of  ''Curves  of  Pursuit ; "  by  Joseph 
Icklin. 

38.  Steam  bofler  Water  and  Incrustation ;  by  Jos.  G.  Rogers. 

3.  In  Section  B. —  Otology  and  Natural  History, 

1,  The  Monocotyledon  the  Universal  Type  of  Seeds ;  by  Thomas  Meehan. 

5.  Hie  Claasifioation  of  Ediinodenns  from  their  Microscopic  Structure ;  by  Alex- 
iid«r  Afrassiz. 

9.  Medianism  of  Flexion  and  Extension  in  Birds*  WingH ;  by  Elliot  Coues. 
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4.  On  the  HoipbolosT'  of  tfaft  Ofveoui  l^yitem :  1^  T.  0.  E^BBd. 

6.  On  the  G^ofogiotTHlstoiy  of  Die  Hezioaii  Gulf;  1^  B.  w«  HOoid. 

6.  Obsenratioiis  oo  tfao  Conunon  Gkound  Wonn ;  bjr  JamM  X  H.  ufmoqr. 

7.  Obaerfations  on  tfao  Goology,  Phjriol  geitarei>  iDdBitrnceMhinqf  Igj^pi 
FiOIb;  by  GkMrge  W.  HOU07. 

a  Some  Questioot  on  Simoe  Goologj;  by  Frank  H.  Bndl^. 

9.  On  the  EntosooA  peculiar  to  Swine;  br  WUUam  B.  Xlatoher. 

10.  On  the  Development  of  the  TanelaoqOeipilBcBeB  in  Birds;  by  BAinrti 
ICone. 

11.  On  tbe  Ghareotniatke  of  the  Primaiy  Groupe  of  the  GImb  of  Maiuiili;  \^ 
Theodore  GilL 

12.  On  the  Natoral  Syifeem  of  Kakea:  by  Bdward  B.  Oopa. 

13.  The  Embryology  of  Ghiyiopai  and  ita  bearings  on  the  rlaarfflratton  ef  tm 
Neuroptera ;  by  A.  S.  Paokard,  Jr. 

14.  On  the  Eoaoon  Ganadense  in  the  Gryatdline  Timostoniw  oC  Ifsssifiiimfti, 
by  L.  S.  Buibank. 

16.  On  the  relatioa  of  Anomia;  by  Kdward  a  Morse. 

1 6.  Contributions  to  Physiographio  and  Bynamiosl  Gecdogy ;  hj  Bldiaid  OnL 

17.  On  the  apparently  one-ranked  phyUotaxis  of  Baplisia  peiftltalBi  sad  oa  ti 
phyUotaxia  of  Cuourbitaoea;  by  Heniy  W.  Ravend. 

18.  On  the  Ge61o(^  of  Northweatom  ICasMohnsetts;  br  Sanbon  TBnmj. 

19.  Western  CoalMeasuras  snd  Indiana  Goals ;  by  B.  T.  Ooac 

20.  Remarks  on  the  Geology  of  the  Mi^siisippi  Bottoin;*B.  ▲.  floiillL 

21.  Aooount  of  a  Dust  Storm  whioh  ooouired  in  CUdIoii  oomilj,  IndiaM,  Dia 
34|  1870;  by  Joseph  Tingley. 

22.  Bemarics  upon  the  Oi^kill  Bed  Sandstone  Group  aa  it  ooodib  aposi  ttebor 
dera  of  New  York  aud  Pennqrlvania;  by  Jamea  HsIL 

J3.  Views  of  Nature:  of  the  Qiiganising  Prin<4il%  and  oflift  and  InteDBOt;  bj 
E.  G.  Seaman. 
24.  VitMlism,  SpiritusHsm,  and  Materialism;  bjr  B.  G.  SesBao. 
26.  The  Eoaoon  Limesfeone  of  Eastem  MaaMKAuaetts;  by  J.  BL  Pany. 

26.  Remarks  on  the  Geological  Map  and  Section  of  Missouri  Bodn;  1^  G.  GL 
■Swallow. 

27.  On  the  Extinct  Tortoiaes  of  the  New  Jersey  Chietareoos ;  by  Bdward  D.  Oopa 

28.  Remark  on  the  Abies  Douglassii,  and  a  new  qteoieS)  or  a  peoaBar  Tsrietj  of 
tbe  Abies  b.ilsamifera,  of  the  Rocky  Mountains;  by  G.  0.  Swallow. 

29.  Remarks  on  the  Snow  Line  in  the  Mountaina  of  Montana;  by  G.  0.  SwaUov. 

30.  On  the  Embryology  of  Amblyatoma  lurida  of  Sager;  by  P.  B.  Hoy. 

Ik  Subsection  £. — Archeology  and  JEUmoiogy. 

1.  A  Theory  on  the  Nature  of  the  Difference  in  the  Mental  Gapaoity  of  High  aai 
Low  Races  of  Men ;  by  Reoas  Davis. 

2.  Note  on  the  Distribution  of  Population  in  the  United  States;  I7  J.  &  ffi^aid. 

3.  RodE  Inscriptions  in  Ohio ;  by  Charies  Whittleaey. 

4.  An  Ancient  Mount  on  the  Etowah  River,  Georgia;  by  Oh.*irle8  Whirttpaof 
On  the  rates  of  interest  realiaei  to  investors  in  the  Seonritlea  of  the  UnM 

Sthtos ;  by  £.  B.  Elliott 
Law : — TV  hat  is  it,  and  what  are  its  Functions  and  Limito;  by  K  C.  Seamaa. 

In  SuBSBcnoN  C. — Microscopy, 

1.  Report  on  Photographing  Histological  Preparations  by  Sunlight;  by  J.X 
Woodward. 

2.  Remarks  on  a*new  form  of  Achromatic  Condenser,  applicable  to  low  and  ■»• 
dium  powers;  by  E.  Bicknell. 

3.  On  a  new  form  of  Micro-Telescope ;  by  R.  H.  Ward. 

4.  Remarks  on  recent  improvements  in  Achromatic  Condensers ;  by  B.  H.  Wazd 
6.    Od  the  use  of  the  Microscope  in  Chemical  Analysis;  by  P.  H.  Van  der  Wejda 

6.  On  the  observation  of  the  Electric  Induction  Spark  by  the  Micro-Spectroaoopa 

7.  On  Oblique  Microscopic  IHumination,  and  a  new,  smiple  Apparatus  for  tU 
same ;  by  P.  H.  Van  der  Weyde. 
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8.  On  some  observed  changes  ia  Yortioella ;  by  A.  H.  Tattle. 

9.  Remarks  on  a  Standard  of  Powers  for  Microscopical  Objectives  and  Eye 
Pieces;  by  R.  H.  Ward. 

10.     On  the  Microscopic  Structure  of  Eozoon  Canadense ;  by  £.  BicknelL 

3.  On  tlie  relation  of  the  Auroras  to  Qravitating  Currents ;  by 
Pliny  Earle  Chase,  ProfeBSor  of  Physics  in  Havertbrd  College. 
(Read  before  the  American  Philosophical  Society,  May  6th,  1871.) 
— Prof.  Loomis's  observations  of  the  number  of  auroras  in  each 
month  of  1869  and  1870  (Amer.  Jour,  of  Science,  III,  S.,  i.  309),  are 
specially  noteworthy,  both  because  of  the  careful  accuracy  of  the 
observer,  and  because  they  are  the  first  published  observations 
which  furnish  satisfactory  data  for  an  approximate  determination 
of  the  laws  of  auroral  distribution. 

If  the  auroras  are,  as  is  now  generally  believed,  luminous  mani- 
festations of  terrestrial  magnetism,  it  seems  reasonable  to  look  to 
them  for  some  additional  evidence  upon  the  question  of  the  rela- 
tion between  magnetic  and  gravitating  currents.  Messrs.  Bax- 
endell  and  Bloxam  have  already  pointed  out  some  resemblances 
between  hyetal  and  magnetic  curves  (see  Proc.  A.  P.  S.,  x,  368)^ 
and  if  analogous  resemblances  can  be  traced  between  hyetal  and 
auroral  curves,  they  will  be  interesting  and  suggestive. 

I  have  not  found  the  similarity  between  the  annual  distribution 
of  rain-falls  and  of  auroras  sufficiently  striking  to  impress  any  one 
who  has  not  made  a  special  study  of  the  causes  of  resemblance  and 
difference.  But,  as  I  have  repeatedly  urged,  currents  are  subject 
to  an  increased  number  of  disguising  disturbances,  in  proportion 
to  the  sluggishness  of  their  motion,  and  the  time  which  is  conse- 
quently required  for  their  formation  or  change.  We  may  very 
reasonably  look  for  analogies  between  the  daily  and  the  annual 
auroral  or  magnetic  curves,  of  a  character  for  which  we  could  hope 
to  find  no  parallel  in  wind,  rain,  or  ocean-current  curves. 

If  we  desire,  therefore,  to  find  evidence  of  the  joint  influence  of 
solar  expansion  and  gravitating  equilibrium,  we  should  look  where 
it  is  most  likely  to  be  found,  and  to  the  best  of  the  observations 
which  may  be  supposed  to  be  fairly  comparable.  There  are  sim- 
ilar variations  of  solar  attitude,  and  consequently  increasing  and 
diminishing  solar  force,  in  the  day  and  in  the  year,  but  the  effects 
of  these  variations  upon  the  precipitation  of  vapor,  are  more  likely 
to  be  shown  in  their  greatest  simplicity  by  the  means  of  observa- 
tions at  different  hours  of  the  day  than  at  different  seasons  of  the 
year.  I  know  of  no  published  observations  of  this  character  at 
New  Haven,  but  there  are  some  extending  over  a  long  series  of 
years  at  Philadelphia,  -and  at  Greenwich,  the  curves  at  each  sta- 
tion indicating  minima  of  rainfall  at  noon  and  midnight,  and  max- 
ima in  the  morning  and  evening.  The  difference  of  longitude  be- 
tween Philadelphia  and  New  Haven  being  less  than  2^",  it  is  not 
likely  that  there  is  any  material  difference  in  the  daily  rain-curves 
at  the  two  places. 

In  order  to  make  the  curves  fairly  comparable,  both  in  regard 
to  the  times  and  the  magnitudes  of  deviation,  I  treated  the  auroral 
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observations  in  the  same  manner  as  those  of  rainfall  (Proc  A  P. 
S.,  X,  526).  Both  in  the  magnetic  and  in  the  hyetal  phenomena, 
the  greatest  effects  accompany  the  greatest  atmospheric  changes. 
But  m  the  magnetic  disturbances  the  principal  maxima  occnr  in 
the  spring  of  the  year  and  the  morning  of  the  day,  while  the  gen- 
eral evaporation  is  increasing,  whereas,  in  the  daily  rains  at  Phila- 
delphia, the  principal  maximum  occurs  in  the  afternoon,  when 
evaporation  is  diminishing.  I  have,  therefore,,  compared  the  mid- 
winter ordinate  of  the  auroral  with  the  noon  ordinate  of  the  rain 
curve,  and  the  midsummer  auroral  with  the  midnight  hyetal  or- 
dinate. 


The  auroral  observations  and  the  normal  ordinates,  of  the  accom- 
panying curves,  are  given  in  the  following  table.  I  presume  no 
one  will  doubt  that  the  condensation  of  vapor,  which  is  repre- 
sented by  the  rain  curve,  is  occasioned  by  the  simple  operation  of 
gravitation  in  blending  currents  of  different  temperatures,  and  I 
see  no  reason  for  postulating  any  different  law  for  the  development 
of  electricity  and  magnetism  in  the  aurora. 

OoTnparaUve  HMe  of  Auroras  and  BainfaUs, 
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IV.  Miscellaneous  Bibliography. 

1.  War  and  the  Weather,  or  the  Artificial  production  of  Rain; 
by  Edward  Powers,  C.E. — ^The  object  of  this  little  volume  is  to 
sbow  that  rain  can  be  produced  by  human  agency,  particularly  by 
heavy  discharges  of  artillery;  and  a  large  number  of  cases  are 
cited  in  which  ereat  battles  have  been  followed  by  speedy  rain. 
Six  cases  of  this  kind  are  cited  which  occurred  during  our  war 
with  Mexico  in  1846  and  '47;  nine  cases  of  battles  or  skirmishes 
are  cited  which  occurred  in  1861  in  the  war  of  the  rebellion,  and 
which  were  followed  by  rain  at  no  great  interval ;  forty  such  cases 
are  cited  for  1862;  thirty  for  1863;  twenty-eight  for  1864;  and 
six  for  1865.  Eighteen  similar  cases  are  also  cited  from  among 
the  great  battles  which  have  occurred  in  Europe  during  the  past 
century,  making  a  total  of  137  cases.  The  author  thinks  that  if 
these  facts  are  insufficient  to  convince,  it  would  be  vain  to  expect 
to  do  so  with  a  greater  number  of  cases. 

To  this  argument  it  may  be  replied  that  throughout  the  region 
from  which  his  examples  are  mainly  collected,  rain  falls  upon  an 
averag*5  once  in  three  days,  and  probably  a  little  more  frequently ; 
so  that  from  the  conclusion  of  one  rain  to  the  commencement  of 
another,  the  interval  is  on  an  average  but  little  over  two  days. 
Now  battles  are  not  usually  commenced  during  a  period  of  ram ; 
generally  not  till  some  hours  after  the  conclusion  ot  a  rain.  Rain 
ought  then  generally  to  be  expected  within  about  one  day  after 
the  conclusion  of  a  battle.  Now  the  argument  of  Mr.  Powers  is 
lame  in  this  point.  He  takes  no  precise  account  of  the  length  of 
the  interval  between  the  conclusion  of  a  battle  and  the  commence- 
ment of  rain ;  nor  does  he  show  that  this  interval  is  less  than  it 
should  be  if  the  battle  had  no  influence  in  the  production  of  the 
rain ;  and  in  particular  he  takes  no  account  of  the  cases  unfavorable 
to  his  theory,  in  which  rain  follows  a  battle  only  after  a  veiy  long 
interval.  In  order  to  make  the  argument  complete,  a  much  more 
careful  analysis  of  the  facts  is  required.  It  should  be  determined 
from  a  comparison  of  a  large  number  of  cases,  including  all  the 
battles  withm  a  particular  circuit,  what  is  the  average  interval 
between  a  battle  and  the  next  succeeding  rain,  and  it  must  then  be 
shown  that  this  interval  is  less  than  it  would  be  if  the  battle  had 
no  influence  in  the  production  of  rain. 

The  simplest  mode  of  making  the  comparison  mav  be  the  follow- 
ing :  Determine  for  all  the  battles  occurring  within  a  particular 
circuit  what  is  the  average  interval  between  the  conclusion  of  the 
rain  next  preceding  a  battle  and  the  commencement  of  the  rain 
next  following  it;  and  then  determine  for  the  same  region  the 
average  interval  between  two  successive  rains  when  no  battle  has 
occurrei  If  the  former  interval  should  be  found  sensibly  less 
than  the  latter,  it  would  be  reasonable  to  conclude  that  the  battle 
had  exerted  some  influence  in  accelerating  the  fall  of  rain.  The 
facts  collected  by  Mr.  Powers  are  not  digested  in  any  such  manner ; 
and  although  we  are  inclined  to  the  opmion  that  great  battles  do 
exert  some  influence  in  the  production  of  rain,  we  do  not  think 
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that  Mr.  PowerB  has  established  his  proposition  in  a  satisfactory 
manner. 

With  regard  to  the  mode  in  which  a  heavy  discharge  of  artillery 
might  cause  rain,  we  differ  widely  in  opinion  from  the  anther  ctf 
this  book ;  but  we  are  not  fairly  called  upon  to  assign  a  reason  why 
artillery  firing  causes  rain  until  it  has  been  shown  that  it  does^  at 
least  sometimes,  produce  such  an  effect.  We  should  be  much 
pleased  if  Mr.  Powers,  or  some  other  person,  would  resume  the 
discussion  of  this  subject  in  accordance  with  a  truly  scientific 
method.  k.  l. 

2.  fntrodw.'tory  Text-Book  of  Meteorology \  by  Alexander 
BiK^UAN,  M.A.,  F.K.S.E.,  Secretary  of  the  Scottish  Meteorological 
Society.  218  pj).  12ni<),  with  6  j)lates.  Kdinburgli  and  London, 
1870.  (Wm.  Blackwood  &  Sons). — Mr.  Buchan  takes  the  lead 
among  the  meteorologists  and  meteorological  investigators  of 
Scotland.  This  small  and  convenient  textbook  takes  up  in  order 
the  liistory  and  scope  of  Meteorology  ;  Atmospheric  pressure  and 
its  distribution  over  the  globe — a  subject  which  has  been  much 
elucidated  througli  Mr.  Buchan's  labors;  modes  of  observing  and 
calculating  tempei*aturc ;  solar  and  terrestrial  radiation ;  distri- 
bution of  terrestrial  temperature  and  its  relation  to  atmospheric 
pressure;  moisture  of  the  atmosphere;  mists,  fogs  and  clouds; 
rain,  snow  and  hail ;  winds ;  storms  ;  atmospheric  electricity ; 
whirlwinds,  and  waterspouts ;  aurora  borealis  and  terrestrial  mag- 
netism ;  ozone  ;  optical  phenomena ;  meteors ;  weather  and  storm 
warnings.  Six  of  the  plates  contain  an  exhibition  for  the  globe 
of  the  isobarometric  and  isothermal  lines;  one  is  asynchronous 
weather-chart  of  Europe  for  2d  Nov.,  1863,  at  8  a.  m.,  and  one  & 
similar  chart  of  tlie  West  Indies  for  1st  Oct.,  1866,  at  8  p.  m. 

3.  Dinninican  Mejmhlic.  Report  of  the  Commission  of  In- 
quiry  to  Sa?ito  Uonimyo^  with  the  Introductory  Message  of  the 
President,  Special  Reports  made  to  the  Commission,  State  Papers 
furnished  by  the  Dominican  Government,  and  the  statements  of 
over  Seventy  Witnesses :  Co^nmissioners^  B.  F.  Wadb  F^sident, 
A.  D.  W^iiiTK,  S.  G.  HowK ;  Secretary,  A.  A.  Burton,  Assistant 
Secretarv,  F.  Douglass.  298  pp.  8vo,  with  a  map  of  the  island 
This  volume  contains  reports  from  the  Scientific  view  of  the 
expedition,  W.  P.  Blake,  C.  Wright  and  others.  But  the  time  at 
the  island  was  too  short  for  thorough  exploration. 

4.  Sun- Pictures  of  Rocky  Mountain  Scenery^  with  a  descrip- 
tion of  the  Geograpliical  and  Geological  features  and  some  account 
of  the  Kcsourccs  of  the  great  W^est;  containing  thirty  photo- 
grapliic  views  along  tlie  line  of  tlie  Pacific  Railroad,  from  Omaha 
to  Sacramento.  Bv  F.  V.  Haydex,  M.D.,  U.  S.  Geolosrist,  Pro£ 
3Jin.  and  Geo],  in  the  University  of  Pennsylvania.  150  pp.  4to. 
1870.  New  York:  (Julius  Bien).  The  character  of  this  work 
has  already  heen  stated  in  this  Journal,  and  citations  have  bwn 
made  from  its  pages  of  important  scientific  observations.  It  is 
publislied  in  elegant  style,  the  paper  and  printing  being  of  the 
best  kind ;  and    the  ])h()tographs  excellent  and  highly  interesting. 
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Art.  XXXIX. — On  some  Phenomena  of  Binocular  Vision;  by 
Joseph  LeConte,  Prof.  Geol.  and  Nat  Hist,  University  of 
California,* 

VL  So-called  ^^  images  of  iUusion;'^^  and  the  theory  of  binocular 

relief. 

In  a  very  elaborate  paper  on  binocular  vision  published  in 
the  Archives  des  Sciencesf  for  Feb.,  1871,  which  is  itself  but  a 
succinct  resum^  of  a  much  more  extended  memoir  soon  to  be 
published,  M.  Pictet  undertakes  to  establish  on  a  firm  basis  the 
"  nativistic  "  theory  which  regards  corresponding  points  as  congen- 
ital and  the  result  of  anatomical  structure^  as  opposed  to  the 
"  empiristic  "  theory  which  regards  them  as  the  result  of  experi- 
ence. After  summing  up  the  usual  arguments  and  objections 
on  each  side,  he  proceeds,  as  he  thinks,  to  prove  the  truth  of 
the  former  theory  by  showing,  first,  a  priori^  the  consequences 
which  must  flow  from  the  admission  of  this  theor^'^ ;  second, 
that  the  visual  results  of  certain  experiments  are  precisely  what 
a  priori  reasoning  leads  us  to  expect ;  and  third,  that  this  theoiy, 
in  the  form  in  which  he  maintams  it,  explains  all  the  more  ob- 
vious phenomena  of  binocular  vision. 

The  one  strikingly  new  thought  in  M.  Pictet's  memoir  is  the 
supposed  existence  of  "  images  qjf  illusion  "  in  every  act  of  vision. 
This  it  is  which  follows,  he  thinks,  from  the  admission  of  the 
nativistic  theory ;  it  is  this  which  he  attempts  to  prove  by  all 
his  experiments ;  it  is  by  means  of  this  that  he  solves  all  the 

♦  For  previous  papers  on  this  subject  see  11,  voL  xlvii,  pp.  68,  163 ;  III,  vol.  i, 

p.  33,  and  vol.  ii,  p.  1. 

f  Arch,  des  Sden.,  nouv.  per  tome  zl,  p.  106. 
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vexed  (^ucstiona  of  biDOcuIiir  vision.  Now  while  I  believe  die 
evidence  is  yverwlielmingly  in  favor  of  the  nativistic  theorr, 
i.  e.,  the  om/enilal  existence  of  corre»iK»ndiiig  points,  yet  I  fel 
|icrfectly  ixMifiilent  that  the  existence  ol'  M.  Intel's  imnga  of 
ilhifion,  from  their  very  nature,  cannot  Ik-  prove<l ;  ana  thit 
all  the  phenomena  which  he  adduces  as  proof  niav  be  easili 
explained  by  tlie  known  laws  of  binocular  vision.  Passing  over, 
therefore,  the  many  interesting  questions  touched  upon  in  M. 
Pictet's  ver^  suggestive  jjaper,  I  will  confine  myself  wholly  to 
M,  Picteis  illusive  imatfes ;  my  sole  object  being  to  rescue  the 
theory  of  )>inocnlar  vision  from  the  confusion  into  which  it  hu 
been  thmwn  by  the  introtluction  of  this  nevr  idea, 

In  order  to  account  for  single  vision  with  two  eves.  Miiller 
supposed  thai  the  nerve  fibers  which  terminate  2>«-(/<Af™%  in 
identical  points  ol'  the  retina;  {corres/Hnidimj  fiiiers)  are  centnlly 
fused  into  one  Jiher,  or  terinwmle  centmllij  in  one  drain  cell.  M. 
Pictet  admits  that  the  nativistic  theory  is  by  no  means  defend- 
ent  on  this  assumption- — the  existence  of  corresponding  or  iden- 
tical points  as  a  congenital  fact,  by  whatsoever  structural  cod- 
trivance  effected,  being  all  that  is  coiitcmjilated  by  this  theory- 
yet  all  his  reasonings  are  based  upon,  and  all  his  experimente 
arc  intended  to  prove,  an  alliance  between  corresjionaing  fiben 
equivalent  to  the  fusion  of  Miiller.  For  M.  Pictet,  correspond- 
ing fibers  under  all  conceivable  circumstances  behave  Hie.  and 
therefore  are  substantially,  a  single  bifnrcaliny  fiber.  Assuuiina, 
then,  an  anatomical  structure  equivalent  to  I'nsioii  of  correspond- 
ing fibers  into  one  in  tlic  brain,  M,  Pictet  proceeds  to  show 
that,  by  the  well-known  physiological  law  which  refera  all  im- 
pressions on  the  nerve  centers  to  the  ivripheral  extremitia  of 
nerve  piers,  an  impression  made  unon  any  point  of  on 
being  carried  to  the  brain,  would  tncnce  be  neceasarilj 
back  to  liotk  e-rtrtmities  of  the  bifurcating  fiber,  L  a,  ' 
jtondinij  points  of  hotli  retina:  Therefore,  if  luminouB 
an  object  impress  the  retina  of  one  et/e,  the  '  ' 

ted  to  the  brain  must  be  referred  back  eqm 
ducing  two  itkulical  external  images  in  the 
a  true  image  produced  by  the  li 
of  one  eye,  the  other  an  "  u 
spectral  image — reflected  it  ~ 
brain  to  the  retina  of  t^ 
therefore,  even  when  we 
see  ol'Jects  wiUi  h-Ah  ti/es  ; 
the  open  eye  ii 
two  images  an: 
ertcets  are  not  obi 
these  two  images, 
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is  ensv  to  see,  from  tbe  perfect  identity  and  the  inseparable 
II  of  tlie  true  and  illusive  images,  liow  difficult,  nay,  even 
•snihle  and  therefore  futile,  to  attempt  to  prove  the  existence 
le  latttT.  Nevertheless,  M.  Pictet  details  several  experi- 
ts  which,  he  thinks,  prove  beyond  doubt  the  existence  of 

illusive  images  in  everj'  act  of  vision,  I  wish  tfj  show  that 
phenoiiiena  of  M,  Pictot'a  exi)erimenta  may  be  explained 
out  resorting  to  illusive  images.  Before  doing  so,  however, 
d  it  necesjjary  to  state  very  concisely  certain  general  prin- 
s  of  binocular  vision  which  1  shall  use  in  their  explanation, 
ring  the  reatler  to  my  previous  papers  for  a  fuller  statement 
proof.  Thi-oughout  this  paper  I  shall  refer  back  to  these 
^inles  by  means  ol'  the  numerals  affixed. 

i'he  impressions  pi-oduced  by  htminoua  retinal  imager  are 
(initted  to  the  bnim  and,  by  a  psychological  law,  are  pru- 
d  outward  into  the  external  worlcf  and  seen  there  as  wfrr- 
mugrs.     Each  eye  lias  ita  own  field  of  i-imi'  crowded  with  (> 

imaijits.  As  these  images  are  usually  seen  douUe.  it  wil! 
1  be  convenient  to  regard  them  not  as  ohjects  but  as  eiteraai 
•es,  the  signs  of  olijeet''.  Only  when  the  two  im^es  fonte-j 
tie  same  object  art'  superposed  do  we  see  the  ooject «'.  j>f 
I'w  its  trur  position.  This  takes  place  when  the  lHT^i\:',- 
;es  lall  on  mrrisi'nmling  points.  The  two  retinal  inu«e!  :z. 
jsponding  [>oint!i  are  seen  externally  as  a  $iHgk  ima^r  i^ 
L't  It  is  true  this  may  be  regarded  as  rtaUy  a  m^ii  t~-: :.-» 
i  sif/n  of  tile  fusion  of  the  nerttf  fiber h.  But  since  we  oa::  n :  ve 
It  the  two  images  of  the  same  i>bject,  bring  tlMm  Zjix:  :•  - 
er,  unite  them  jKirtly  or  unite  them  wholly,  af  we  r'eii^ 
iince,  moreover,  we  can  even  take  images  of  rfifir-n,-':--r:-:- 
superpose  them,  and  if  they  be  similar,  unite  that  •■:  L-  t 
ar  as  one  object,  it  is  better,  because  it  mwe  eKSr  ^x:  .t  z.- 
nl  phenomena,  to  regard  single  binocular  nam  »\:^  V:^-  - 
,e  suprr/jo.uni.„  uj  l,r.,  iuu-./e^. 

ImJ>iiiwiilar  visiuu   with  the  outlet  mi  paaSd  ^i     - 
^H^dititanl  object,  the  whole  flew  BMJr^tj  jj>  ,.- 
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Of  course,  by  this  shifting  of  the  two  fields  all  objects  are  simi- 
larly doubled. 

Thus  in  binocular  vision  the  two  eyes  seem  actually  to  be 
superjjosed  and  corresponding  points  to  coincide.  This  appar- 
ent combination  of  the  eyes  and  their  visual  lines  is  the  neces- 
sary result  of  Xhe  existence  of  corresponding  points.  Images 
on  correaix)nding  points  are  seen  single ;  all  obj^ts  in  the  two 
visual  lines  must  impress  corresponding  points ;  therefore  the 
visual  lines  themselves,  if  they  were  visible  lines,  would  be  seen 
singla  This  can  take  place  only  by  combining  to  ibrm  a  single 
middle  visual  line. 

3.  In  turning  the  eyes  in  any  direction  without  altering  their 
convergence  objects  seem  stationary,  and  the  visual  lines  seem  to 
move  and  sweep  over  theuL  But  when  we  turn  the  two  eyes 
in  opposite  directio7is,  as  in  strong  convergence,  then  the  visual 
lines  seem  stationary  (i.  e.,  we  seem  to  look  m  the  same  direction), 
and  all  objects  or  rather  images  seem  to  move  in  a  direction  contarory 
to  the  actual  motion  of  the  eye;  the  whole  field  of  view  of  each  eye 
with  all  its  images  rotates  about  the  optic  center  in  a  direction 
contrary  to  the  rotation  of  the  eye.  This  is  plainly  seen  by 
voluntarily  and  strongly  converging  the  ej'es  upon  an  imaginary 
point  near  at  hand,  and  at  the  same  time  watching  the  move- 
ments of  the  more  distant  images.  The  whole  field  of  view  of 
the  right  eye  with  all  its  images  will  be  seen  to  rotate  to  the 
right  and  of  the  left  eye  to  the  left,  i.  e.,  homonymoiisly.  The 
images  of  all  objects  as  they  are  swept  successively  by  the  visual 
lines  of  the  two  eyes  are  brought  successively  in  front  and  su- 
perposed. If  we  could  turn  our  eyes  outward,  the  fields  and 
their  images  would  move  lieteronymously.  This  ia  seen  to  a 
limited  extent  in  the  act  of  falling  to  sleeij.*  Even  with  the 
two  eyes  turned  outward,  therefore,  the  two  \dsual  lines  are 
united  in  front^  and  objects  on  the  visual  lines  are  brought  in 
front  and  superj^osed.  This  is  the  necessary  result  of  the  prop- 
erties of  corresponding  points ;  but  I  have  also  proved  it  bv 
observations  made  upon  persons  whose  eyes  in  a  perfectly  pas- 
sive state  turned  slightly  outward.* 

Thus,  there  are  two  apparent  movements  of  the  visual  fields 
accomplished  by  the  eyes  in  binocular  vision :  1st,  a  shifting  of 
each  field  heteronymously  a  half  interocular  space ;  this  is  invol- 
untary and  habitual,  and  would  of  itself  double  all  objects  hete- 
ronymously ;  2d,  in  ocular  convergence,  a  rotation  of  each  field 
about  the  o})tic  center  hoiaonymonsly.  The  necessarj''  conse- 
cjuences  of  these  movements  are :  (a)  that  the  two  images  of  an 
object  at  th(i  point  of  sight  are  su{)erposed  and  the  object  is  seen 
single ;  objects  on  this  side  the  point  of  sight  are  doubled  hete- 
ronymously, while  objects  beyond  the  point  of  sight  are  doubled 

*  Th«?  proof  of  this  statement  1  hope  to  give  shortly  iu  a  separate  article. 
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homonymously ;  (b)  that  all  objects  {different  objects)  lying  in  the 
visual  lines,  whether  on  this  side  or  beyond  the  point  of  sight, 
have  two  of  their  images  (one  of  each)  superposed ;  so  that  the 
two  visual  lines  under  all  circumstances  are  combined  to  form  a 
binocular  visual  line  passing  from  the  combined  eyes,  through 
Uie  point  of  sight,  and  onward  to  infinite  distance 

Let  us  now,  in  the  light  of  these  facts,  examine  M.  Pictet's 
experiments.  I  will  pass  over  for  the  present  what  he  seems  to 
regard  as  his  crucial  experiments,  and  take  up  first  the  general 
phenomena  of  double  images,  as  a  proper  understanding  of  the 
nature  of  these  will  make  all  that  follows  clear. 

If  we  hold  up  a  finger  before  the  eyes,  and  gaze  at  the  wall 
on  the  opposite  side  of  the  room,  two  heteronymous  images  of 
the  finger  will  be  seen  separated  by  a  space  nearly  equal  to  the 
interocular  spaca  As  a  question  of  geometry  this  is  sufficiently 
explained  by  the  different  parallactic  position  of  the  finger  as 
seen  by  the  two  eyes ;  as  a  question  of  binocular  vision,  by  the 
shifting  of  the  fields  of  view  of  the  two  eyes  heteronymously  as 
already  explained  (2). 

But  the  images  are  transparent  M.  Pictet  lays  much  stress 
on  this.  It  is,  he  says,  "  an  essential  point  which  we  have  not 
found  in  works  on  optical  physiology  "  (p.  105).  He  explains 
it  as  follows :  There  is  a  part  of  the  wall  which  sends  no  lu- 
minous rays  to  the  right  eye  (viz :  that  covered  by  the  right- 
3ye  image) ;  but  this  part  impresses  the  left  eye,  and  this  im- 
3ression  is  propagated  to  the  right  eye,  and  perceived  by  it  at 
;he  same  place  as  an  illusive  image.  The  finger,  therefore,  will 
ippear  transparent  to  the  right  eye  because  by  means  of  an 
llusive  image  the  wall  is  seen  behind  it.  The  same  explanation 
>f  course  applies  to  the  left-eye  ima^e  of  the  finger,  which  is 
:ransparent,  according  to  M.  Pictet,  because  the  left  eye  sees 
Lhe  wall  behind  it  by  means  of  an  illusive  image  propagated 
from  the  right  eye.  Now  our  explanation  is  entirely  diflTerent ; 
And  we  cannot  but  think  that  the  transparency  of  double  images 
have  been  so  little  noticed  by  writers  only  because  their  ex- 
planation seemed  so  obvious.  Our  explanation  is  as  follows : 
We  see  everyysixt  of  the  wall  because  no  part  is  concealed  from 
both  eyes.  Tne  images  must  seem  transparent  since  they  con- 
ceal nothing  from  the  observer.  M.  Pictet  would  say  the  right- 
eye  image  conceals  nothii^  from  the  right  eye,  and  the  left-eye 
image  nothing  from  the  left  eye,  and  therefore  the  parts  covered 
by  these  images  must  be  seen,  by  the  corresponding  eye,  by 
means  of  illusive  images ;  but  we  say,  a  part  of  the  wall  w  con- 
cealed from  the  right  eye  (viz :  that  upon  which  the  right-eye 
image  falls),  but  this  part  is  visible  to  the  left  eye ;  similarly,  a 
part  of  the  wall  is  concealed  from  the  left  eye,  but  this  part  is 
visible  to  the  right     M.  Pictet  says,  every  part  of  the  wall  is 
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seen  by  each  eye,  either  by  true  or  by  illusive  imagea ;  ire  sav, 
every  part  of  the  wall  is  seen,  not  by  each  eye,  but  by  the  n- 
nocular  observer ;  not  some  parbi  by  true  and  some  by  illosire 
imaces,  but  ouly  bv  tnu:  images. 

If  instead  of  a  linger  we  uae  a  screen  sereral  inches  wide 
(wider  than  the  interocular  Bpace^  then  the  double  images  will 
not  entirely  separate.  They  will  slide  over  each  other  heu- 
ronymously  through  a  space  equal  to  the  interocular  space  l2). 
The  overlapping  area  will  be  opaque  because  it  coven  a  portioo 
of  the  wall  concealed  from  both  eyes ;  the  rest  will  be  transpar 
ent  The  visual  reanlt  is  repre- 
sented by  fig.  1,  in  which  SS  is 
the  right-eye  image  of  the  screen, 
S'  S'  the  left-eye  image,  and  S'  S 
the  overlapping  area.  These 
facts  are  more  completely  repre- 
sented by  m^  method  in  figa.  2 
and  3,  of  which  fig.  2  lepreseats 
the  actual  relation  of  parts,  and  fig,  8  the  visual  result  In  fig. 
2,  R  and  L  are  the  rigrit  and  left  eye  respectively,  n  the  nose. 


111  the  median  line,  v  the  visual  line.-*,  SS  the  sorRen.  Fig.  3 
will  readily  exjiliiin  itself  il'  tliu  reader  will  eiill  to  mind  that  in 
all  niv  lifrnn's  n'luvsi-nlinjr  visual  rt'sult-s  t-iipitals  reproseiit 
coinljined  images,  small  italii's  riifht-eye  images,  and  dashed 
italics  lefV-ey«  iiiiiigi-s.  If  imw  tJie  oj)tii;  axes  be  gradually 
converged,  as  idi-eadv  cxjilaiiied  (<i),  these  lieteronyimnis  images 
will  slide  over  each  <)llier  lionioiiymously,  making  the  opaque 
area  larger  and  laiyer.  and  llur  Iraiisiiiuviit  margins  smaller  and 
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smaller,  until  when  the  point  of  sight  is  at  the  screen,  fig.  4, 
Uien  the  images  will  compUtely  unite,  and  the  Bcreen  become  en- 
tirely opaque.     This  is  shown  in  the  visual  result,  fig.  5. 


If  next  we  use  two  fingers,  one  of  each  hand,  and  gnzc  again  at 
the  wall,  we  will  see  four  images  all  tran.'marent.  Now  approxi- 
mate or  separate  the  two  fingers  until  the  two  middle  images 
anite ;  we  will  have  three  images,  the  middle  one  opo^K,  the 
other  two  transjtarent  The  reason  is  obvious.  The  middle 
one  is  opaque  because  a  portion  of  the  wall  is  concealed  by  it 
from  boA  eyes.  This  portion  of  the  wall  is  concealed  from  the 
right  eye  by  the  right  finger,  and  from  the  left  eye  by  the  left 
finger;  but  it  is  the  right-eye  image  of  the  right  finger  and  the 
left-eye  image  of  the  left  finger  which  unite  to  form  the  middle 
opaque  image,  while  the  right-eye  image  of  the  left  finger  is  seen 
to  the  left,  and  the  left-eye  image  of  the  right  finger  to  the  right, 
both  transparent.  In  bincwular  vision,  superposed  images  ot" 
opaque  objects  are  always  opaque,  while  single  images  are  always 
tranaparenL 

The  principles  (I,  2,  3)  laid  down  in  the  early  part  of  this 
paper,  together  with  the  explanation  of  transparent  double 
images  just  given,  furnish,  we  believe,  the  key  to  all  M.  Pictet'e 
experiments.  We  will  make  the  application  only  to  those 
which  he  thinks  most  conclusive  of  the  existence  of  illusive 
images.  We  will  first  give  his  experiments  and  his  conclusions 
as  fairly  as  we  can,  and  then  will  proceed  to  give  our  own  expla- 
nation. The  following  experiments  M.  Pictet  thinks  conclusive : 
Place  an  opaque  screen  S  (fig.  6)  against  the  nose  a  in  the 
mfdian  plane  of  sight,  in  such  wise  that  the  object  A  may  be 


J.  LeConle  on  Binocular  Vision. 


secD  by  both  eyes.  Now  place  a  aecoud  screen  C  across  the 
visual  line  A  R  of  the  riglit  eye,  ao  as  to  intercept  ra)-8  from 
the  object  A  to  the  right  eye.  Neverthe- 
j  less,  the  object  A  will  be  seen  apparmdv 
I  through  the  opaque  screen  C,  which  Wl 
I  therefore  appear  transpareni,  and  may  even 
I  be  drawn  in  outline  with  accuracy  on  the 
I  screen  at  b  exactly  where  the  visual  line  of  0\t 
I  right  eye  pierces  me  screen — exactly  where,  if 
I  the  screen  were  transparent  ground  glass,  we 
I  would  see  it  with  the  right  eye,  and  might 
I  trace  its  outline.  M,  Pictet  thinks  this  ab- 
I  eolutely  inexplicable,  except  on  the  assump- 
I  tion  that  an  illusive  image  is  actually  seen 
I  at  A  by  the  right  eye;  and  that  it  is  this 
I  that  wc  draw  in  outline  on  the  screen  at  h. 
I  the  screen  being  transparent  because  the  il- 
I  lusive  image  is  seen  beyond. 

But  M.  Pictet  gives  another  experiment 
I  whicli  he  thinks  still  more  conclusive.  On 
I  &  sheet  of  paper  lying  on  the  table  place  a 
piece  of  money ;  then  place  a  screen  upnght  on  the  right  side 
of  the  money,  and  let  tne  face  of  the  observer  be  brought  down 
upon  the  screen,  so  that  the  latter 
I  being  in  the  median  line  shall  in- 
I  tfrcejil  tlie  i>icio  of  the  right  tyt. 
I  Nevertheless,  says  M.  Pictet,  "m 
I  directing  the  regard  upon  the 
I  piece  of  money,  we  see  that  the 
vertical  wercen  appears  transparent 
I  throughout,  and  that  it  perniiUi  Ih. 
I  riijht  eye  lo  distinguinh  tJie  pien,  as 
I  if  through  a  very  diaphanoiis  siir- 
I  faca"  "If  now  we  give  to  tlie 
I  optic  axes  a  direction  more  naral- 
I  lei,  we  see  the  image  of  illusion  nf 
I  the  ripht  eye  move  gradually  to- 
I  ward  tlie  right,  traverse  the  line  "I' 
I  intcr.section  of  the  screen  and  the 
I  table,  and  come  to  project  it«elf(>n 
I  the  other  side  upon  the  paixr, 
I  where  we  may  trtu'e  its  outline 
correctly."  To  rejirescut  these  IWts  more  clearly  I  give  the 
diagram,  fig.  7.  In  this  figure  R  and  L  are  the  two  eves,  j-j' 
the  sheet  of  ijaj>er,  A  the  money  in  the  direction  of  the  visual 
line  of  the  left  eye,  SS  the  median  screen,  AR  the  visual 
line  of  the  right  eye  when  wc  look  at  the  piece  of  nionev 
A  and  seem  to  see  it  through  the  screen,  Rb  the  visxial  line  i>i 
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the  right  eye  when  the  optic  axes  become  parallel,  and  6,  exactly 
where  the  vvvual  line  of  the  right  eye  pierces  the  paper^  the  place 
where  the  outline  of  the  piece  may  be  trac^  The  image 
moves  to  the  right  or  left  according  to  the  position  of  the  optic 
axes,  being  always  where  the  visual  line  pierces  the  paper. 
But  "  the  most  aavantageous  position  of  the  optic  axes,  says 
M.  Pictet,  "  is  parallelism,  for  it  is  that  which  removes  thefartMst 
the  image  of  itbmon  from  the  real  imaged  I  wonder  that  M. 
Pictet  did  not  reflect  that,  being  on  corresponding  points,  by 
his  own  principle  the  image  of  illusion^  if  any,  cannot  be  separated 
from  the  real  image;  and  that  there  is  in  fact  hut  one  image  seen. 

But  furthermore,  if  a  convex  lens  be  placed  across  the  visual 
line  of  the  right  eve  R  6,  the  image  at  b  will  not  be  affected,  but 
the  tarojcing  we  make  of  the  image  will  be  found  as  much  smaller 
than  the  money  as  the  lens  magnifies ;  showing  that  the  image 
is  not  magnified  but  the  drawing  is  magnified,  and  therefore,  M. 
Pictet  thinks,  that  the  imo/ge  of  the  money  is  illusive  or  siMective, 
while  the  image  of  the  paper  and  of  the  tracing  is  real.  I^  how- 
ever, the  lens  be  placed  before  the  left  eye,  the  image  is  magni- 
fied because,  thinks  M.  Pictet,  this  image  is  the  ulusive  right- 
eye  facsimile  of  the  magnified  real  image  of  the  left  eye. 

One  more  step  of  M.  Pictet's  proof.  By  keeping  both  eyes 
open,  objects  in  the  microscopic  field  may  actually  be  drawn 
with  accuracy  on  a  sheet  of  paper  placed  on  one  side  of  the 
microscopic  tube.  Or,  still  better,  if  a  stereoscopic  card,  having 
a  picture  on  one  half  and  the  other  half  blank,  be  placed  in  the 
stereoscope,  we  may  trace  the  picture  on  the  blank  half.  Ac- 
cording to  M.  Pictet's  view,  the  light  impresses  one  eye,  and 
this  impression  is  propagated  as  an  illusive  image  to  the  other 
eye,  ana  thrown  on  the  paper  just  where  the  visual  line  pierces  it 

Such  are  the  most  important  experiments  upon  which  M. 
Pictet  bases  his  belief  in  the  existence  of  illusive  images.  I 
have  been  fisaniliar  with  all  these  phenomena  for  many  years ; 
I  have  also  often  used  the  method  of  tracing  microscopic  objects 
recommended  by  him ;  but  my  explanation  is  wholly  different 
If  M.  Pictet's  view  be  correct ;  and  if  in  the  experiments  de- 
tailed we  actually  trace  the  outline  of  an  illusive  image  belonging 
to  the  right  eye,  then  where  is  the  true  ima^e  belonging  to  the 
left  eye?  We  see  but  one  image,  M.  Pictet,  in  accordance 
with  his  principles  (although  he  forgets  them  in  the  passage 
quoted  above),  ought  to  answer,  that  being  on  corresponding 
points  the  two  images  are  perfectly  united  Then  why  call  the 
image  we  outline  an  image  of  illusion  ?  The  truth  is,  in  every 
case,  we  trace  the  oulline  of  the  true  image  seen  by  the  left  eye  ; 
although  by  the  principles  laid  down  in  the  early  portion  of 
this  paper,  or  by  the  properties  of  corresponding  points,  we 
draw  the  outline  at  a  different  place  from  the  object 

[To  be  concluded.] 
2lA 
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Art.  XL. — On  the  position  and  height  of  the  elevated  Plateau  in 
which  the  Olacier  of  New  England^  in  the  Olacial  era^  had  its 
origin  ;  by  James  D.  Dana. 

The  existence  of  a  region  of  high  elevation  in  northern 
Anierica  as  the  source  of  a  continental  glacier  in  the  Glacial 
era  has  often  been  assumed,  but  rather  because  the  glacier 
theory  was  lame  without  it  than  as  a  result  of  special  research 
with  respect  to  the  extent  and  location  of  such  a  region.  I  do 
not  propose,  at  the  present  time,  to  treat  the  subject  continen- 
tally,  but  simply  to  discuss  the  question  as  to  the  origin  of  the 
New  England  glacier.  If  I  mistake  not,  however,  tne  discus- 
sion, so  lar  as  it  goes,  meets  the  requirements  of  the  continental 
question,  while  it  proves  that  the  idea  of  one  central  glacier 
source  for  the  continent  is  without  foundation. 

1.  Position  of  the  elevated  phteau. — In  my  paper  of  last  month, 
on  the  ^*  Valley  Movements  of  Glaciers,"  (p.  233)  I  mentioned 
the  fact,  from  the  observations  of  the  Vermont  Greological  Sur- 
vev,  that  the  glacial  scratches  on  Camel's  Hump,  Mt  Mans- 
field and  Jay's  Peak,  three  of  the  high  summits  of  the  Green 
Mountains  in  the  northern  two-thirds  of  Vermont,  have  a 
course  of  about  S.  50°  E.*  In  the  White  Mountains,  70  miles 
to  the  south  of  east  (S.  75°  E.),  the  direction  of  the  scratches 
near  the  Lake  of  the  Clouds,  on  the  north  side  of  Mt  Monroe, 
is,  as  I  am  informed  by  Prof.  C.  H.  Hitchcock,  at  points  from 
5000  to  at  least  5200  feet  above  the  sea,  in  diflferent  places, 
S.  34°  E.  and  S.  54°  E.  (S.  20°  E.  and  S.  40°  by  compass) ;  on 
the  north  side  of  Mt  Clinton,  4430  feet  high,  (one  of  tne  White 
Mountain  series  of  summits  about  17  miles  west  of  Mt  Wash- 
ington), near  top,  S.  50°  E.-S.  54°  E. ;  and  on  the  south  peak 
of  Mount  Clinton,  at  a  level  of  4320  feet,  S.  54°  E.  He. ob- 
serves further  that  boulders  occur  at  a  height  of  5800  feet  on 
the  north  side  of  Mt  Washington. f 

These  scratches,  and  others  crossing  the  Green  Mountains, 
could  not  have  been  made  with  the  land  of  North  America  at 
its  present  level.  Elevated  land  must  have  existed  to  the  north, 
if  tney  were  the  work  of  glaciers.     Moreover,  those  scratches 

*  According  to  the  Vermont  Greological  Report  the  direction  of  the  scratches  on 
Camel's  Hump  is  S.  50"  E.  (S.  40'  K.,  compass),  on  Jay's  Peak,  S.  5©°  R,  and  on 
Mt.  Mansfield,  situated  between  the  two,  S.  30'  K.,  S.  55'^  E.,  S.  58"  E.,  at  different 
points. 

f  Prof.  Hitchcock  observed  also  the  course  S.  24"^  E.  near  the  Lake  of  the  Clouds, 
but  it  was  not  common;  also,  in  the  saddle  between  Mt.  Pleasant  and  Mt.  Franklin, 
4400  feet  above  the  sea  level,  S.  34"  E. ;  and  the  same  in  the  gap  between  Mt 
lioasimt  and  Mt.  Clinton,  4050  feet  high.  It  would  therefore  appear  that  the 
course  of  the  general  glacier  over  the  White  Mountain  region  was  about  S.  55"  E., 
and  that  there  were  variations  from  this  course  due  to  the  lay  of  the  land. 
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on  the  higher  summits  of  New  England,  must  point  approx- 
imately toward  the  region  of  elevated  land,  or  the  great  Icy 
Plateau,  as  we  may  call  it,  on  whose  slopes  the  movement  of 
the  fflacier  originated. 

This  seat  of  power  in  the  era  of  ice  was  not  the  Adiron- 
dacks ;  for  these  stand  (as  will  be  seen  on  any  map  of  North 
America,  and  even  a  map  of  the  World)  much  too  far  to  the 
south.  The  scratches  point  over  Lake  Cnamplain  and  the  low 
hills  and  plains  beyond,  and  across  the  St  Lawrence.  On  the 
other  side  of  this  nver  lies  the  large  valley  of  the  Ottawa,  and  it 
is  almost  exactly  in  their  direction  ;  and  the  prevailing  trend  of 
the  scratches  through  its  lower  half  is  about  S.  45^  E.  Accord- 
ing to  the  table  in  Logan's  Report  for  1863  (p.  890),  this  is  the 
course  at  Ottawa  City,  Hull,  Kideau  River  at  Stegman's  Rapids, 
and  Horton  near  Renfrew  village  south  of  the  Ottawa.  At 
Allumettes  Lake,  the  course  S.  25^  E.  was  found;  but  this 
locality  is  higher  up  the  stream,  and  the  course  may  well  have 
been  due  to  some  local  influence.  There  can  be  no  doubt 
that,  if  the  Glacial  era  was  a  glacier  era,  the  Ottawa  valley  ice 
was  a  part  of  the  same  great  ice-stream  with  that  which  crossed 
the  Green  Mountains,  but  a  portion  nearer  the  source. 

The  Ottawa  valley,  includmg  that  of  Montreal  River  (which 
has  the  course  of  the  Ottawa  and  is  its  western  head-tributary), 
extends  to  a  point  nearly  500  miles  in  an  air-line  from  Mt 
Mansfield,  and  570  from  the  White  Mountains,  with  an  average 
trend  of  S.  65°  E.  But  the  source  of  Montreal  River  was  not 
the  source  of  the  glacier  movement;  for  the  course  of  the 
scratches  in  the  Ottawa,  instead  of  corresponding  with  the 
trend  of  the  valley,  is,  as  stated,  S.  45°  E.  The  scratches  point, 
therefore,  to  the  eastward  of  the  western  source  of  the  Ottawa, 
and  at  least  as  far  east  as  the  region  northeast  of  Lake  Temis- 
camang  (the  main  source  of  the  waters  of  the  Ottawa),  on 
the  watershed  between  the  St  Lawrence  valley  and  Hudson's 
Bay.  The  scratches  of  the  White  Mountains  and  Green  Moun- 
tains and  those  of  the  lower  part  of  the  Ottawa  valley  point 
alike  toward  this  area. 

It  follows  that  the  Icy  Plateau,  whence  the  great  glacier  took 
its  departure,  must  have  existed  either  about  this  part  of  the 
Canadian  watershed,  or  in  the  same  direction  farther  to  the  north- 
west ;  and  since  the  line  of  the  scratches,  if  carried  farther  to 
the  northwest,  would  strike  Hudson's  Bay,  or  its  western 
border,  it  is  probable  that  this  watershed  was  the  actual 
position. 

This  view  accords  with  the  great  diversity  of  direction  in 
the  scratches  about  Temiscamang  Lake,  they  varying,  accord- 
ing to  Loffan,  from  S.  78°  E.  to  S.  7°  W.,  the  least  easting 
being  found  on  the  west  side  of  the  Lake ;  the  observations  are, 
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at  East  Bay,  &  58''  K,  &  78''  E. ;  on  the  east  shore  &  88''  K, 
S-IS^K;  at  West  Bay,  &  16'' E. ;  on  the  west  shore,  &  86'' £., 
S.  18"  K,  &  14"  R,  &  1"  E.,  &  7"  W. 

The  courses  of  the  scratches  on  the  heights  of  norliiem  Maine 
(S.  59"  E.  on  Mt  Abraham,  G.  H.  Hitchcock)  also  fitYore  this 
conclusion.  Again,  in  the  part  of  Canada,  north  of  northeastern 
Maine,  on  the  Madawaska  Biver,  about  Temiscouata  Lake, 
Logan  found  scratches  trending  S.  64"  K,  &  62"  K,  S.  66''  E., 
S.  66"  E.,  S.  48"  E.,  S.  60"  R,  ^th  oneof  S.  27"  R);  and  these 
courses,  if  the  form  of  the  sur&ce  has  not  increased  the  easting, 
would  point  to  the  same  watershed  and  the  part  IvinK  betwera 
Temiscamang  and  Mistissinny  Lakes,  but  nearer  the  btter,  and 
these  lines  continued  would  strike  into  Hudson's  Bay,  and  this 
is  additional  proof  that  the  high  land  was  along  the  watershed. 

Again,  the  courses  of  the  scratches  in  western  New  York 
and  on  Lake  Huron  and  Lake  Nipissing  (northeast  of  Lake 
Huron  and  south  of  Lake  Temiscamanff),  have  considerable 
westing.  On  the  north  shore  of  Lake  Huron  the  course  is 
mostly  S.  18"-22"  W.,  according  to  Lc^an ;  on  the  Q^oigian 
Bay  (northeastern  side  of  Lake  Huron),  S.  87"-46"  W. ;  at 
the  southeast  bay  of  Lake  Nipissins,  S.  86"  W ;  in  western 
New  York,  S.  86  W.,  according  to  HSL  This  prevalent  west- 
ing  points  toward  the  same  r^on  northeast  or  Lake  Temis- 
camang along  the  Canadian  watershed,  and  seems  to  shut  off 
from  consideration  re^ons  farther  north  or  west 

Taking  into  view  aU  the  observations  here  cited,  we  may  con- 
clude with  much  confidence  that  the  region  of  greatest  eleva- 
tion along  the  watershed,  or  that  of  the  Icy  Plateau,  was  sit- 
uated between  Lake  Temiscamang  and  Lake  Mistissinny  ;  and 
that  its  trend  was  consequently  northeast  and  southwest,  this 
being  nearly  that  of  the  watershed  between  the  lakes — a  trend 
just  right  for  a  southeast  movement  of  the  ice. 

Over  the  higher  parts  of  the  Green  Mountains,  soiUh  of 
Vermont,  the  amount  of  easting  in  the  scratches  diminishes 
southward,  their  direction  being  S.  40**-45"  E.  in  northeastern 
Massachusetts ;  about  S.  80"  E.  in  southeastern  Massachusetts ; 
and  about  S.  25"  E.  in  Connecticut  and  in  eastern  New  York 
adjoining.  These  directions  correspond  well  with  the  position 
assigned  to  the  Icy  Plateau.  But  as  the  Adirondacks  lie  be- 
tween the  two,  it  is  not  possible  to  say  how  far  the  courses  may 
have  been  dependent  upon  these  New  York  mountains. 

2.  Height  of  the  Icy  Plateau  above  t/ie  sea. — The  higher  sum- 
mits of  the  Green  Mountains  are,  according  to  Guyot,  between 
8800  and  4430  feet  in  elevation,  the  latter  beinff  the  height  of 
Mt  Mansfield.  Killington  Peak,  60  miles  south  of  Mt  Mans- 
field and  east  of  Rutland,  is  4221  feet  high  (Guyot).  The 
average  height  of  the  range,  accoixling  to  the  suuie  authority,  is 
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about  8500  feet  The  distance  from  Mt  Mansfield  to  south- 
eastern Massachusetts  is  about  200  miles.  The  scratches  of 
this  mountain  point  southeastward  toward  the  upper  Merri- 
mack valley ;  and  those  of  thi§  valley  and  of  the  adjoining 
region,  down  this  valley  in  the  direction  of  Boston  Bay  ;  and 
to  this  bay  the  distance  &om  the  summit  of  Mt  Man^eld  is 
but  175  miles.  Still,  taking  200  miles  as  the  length  of  the 
old  glacier  from  Mt  Mansfield  to  the  sea,  and  8500  feet  as  the 
average  height  of  the  Green  Mountains  in  Vermont,  the  average 
rate  of  descent  in  the  land  is  17^  feet  a  mile^  and  20  feet  a  mile 
firom  the  sunamits  of  the  higher  peaks.  This  was  consequently 
the  amount  of  slope  that  contributed  toward  the  movement  of 
the  glacier  over  a  large  part  of  New  England. 

To  have  moved  the  same  glacier  from  the  northwestward 
across  the  Oreen  Mountains^  and  to  have  abraded  their  highest 
summits  and  also  scored  surfaces  on  the  White  Mountains  that  are 
full  5200  feet  above  the  sea,  the  propelling  slope,  or  those  of  the 
Icy  Plateau,  must  have  certainly  been  higher  than  5200  feet 
We  cannot  assume  that  the  rate  of  descent  from  the  top  of  the 
Icy  Plateau  to  the  5200  foot  level  on  the  White  Mountains,  a 
distance  of  about  400  miles,  was  as  great  as  seventeen  feet  a  mile ; 
but  we  may  reasonably  infer  it  to  have  been  at  least  three  feet 
This  rate  for  400  miles  would  make  the  height  of  the  Plateau 
to  average  6400  feet  The  watershed  is  now  about  1500  feet 
above  the  sea ;  accordingly,  the  average  height  of  this  region 
should  have  been  at  least  4900  feet  greater  than  now. 

A  grade  of  two  feet  a  mile  would  diminish  this  estimate  400 
feet,  making  the  required  average  height  of  the  Icy  Plateau 
6000  feet 

The  facts,  therefore,  demonstrate  that  this  Canadian  watershed 
was  greatly  higher — at  least  4500  feet  on  an  average — than  at 
present  it  is  not  supposed,  or  supposable,  that  the  region  was 
the  course  of  a  range  of  crested  mountains  that  have  since  been 
washed  away.  No  facts  connected  with  glacial  denudation,  or 
that  of  subsequent  time,  favors  such  an  extrava^nt  assump- 
tion. All  that  the  case  demands  is  simply  a  bending  upward  of 
the  surface  over  a  wide  area  through  a  general  continental 
movement  of  the  crust  having  its  greatest  results  to  the  north ; 
and  such  we  may  believe  it  to  have  been.  Similar  oscillations 
of  surface  upward,  and  again  downward,  have  taken  place 
through  all  geological  time,  and  they  are  still  in  progress ;  and 
geologists  have  detected  them  on  some  sea-shores  where  there 
w  a  standard  water-level  for  comparison. 

Moreover,  the  work  of  lifting  continents  and  raising  moun- 
tain chains  went  forward  on  a  stupendous  scale  over  Europe, 
Asia,  and  both  Americas,  through  the  whole  era  of  the  Ter- 
tiary ;  and  this  later  upward  movement  in  the  higher  latitudes 
of  the  continent  followed  on  as  the  close  of  the  long  series,  all 
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the  preceding  elevations,  as  well  as  the  last,  being  in  preparation 
for  the  Glacial  era. 

Such  an  upward  bending  is  no  more  improbable  than  the 
doimiward  bending  which  the  Iceberg  theory  of  the  drift  assumes 
to  have  taken  place ;  and  even  less  so,  since  the  latter  must  have 
been  greater  in  vertical  change  of  level,  and  also  vastly  wider 
in  its  limits  from  north  to  south ;  and  moreover  such  an  event 
would  have  been  out  of  joint  with  the  times,  tending  to  amelio- 
rate instead  of  giving  arctic  vigor  to  the  climata  And  further, 
as  I  pointed  out  many  vears  since,  (this  Journal,  II,  vii,  379, 
1849,)  there  is  indepenaent  proof  of  a  high-latitude  elevation 
of  the  continent  during  the  Griacial  era,  in  the  fact  that  the  drift 
latitudes  are  also  fiord  latitudes, — ^the  fiords  occupying  valleys 
of  erosion  by  fresh  water  or  ice,  which  could  have  been  made 
onlv  when  the  land  was  far  above  the  present  leveL 

A  bulging  of  the  crust  in  any  region  to  a  height  of  4,600  or 
5,000  feet  above  its  present  level  would  have  carried  up  the 
part  of  the  continent  adjoining  to  a  greater  or  less  extent  If 
the  above  use  ol'  fiords  is  right,  they  may  help  us,  wherever 
they  occur,  in  arriving  approximately  at  the  amount  of  eleva- 
tion in  the  Glacial  era  along  sea  borders.  From  the  depth  of 
those  of  Maine, — mostly  100  to  150  feet — we  thus  learn  that 
the  land  along  this  coast  was  at  least  150  feet  higher  than  now, 
and  probably  200  feet  Other  facts  lead  us  to  believe,  as  stated 
by  the  writer  in  his  paper  on  the  Geology  of  the  New  Haven 
region,  (Mem.  Acad.  Conn,  ii,  p.  45,)  that  southern  New  Eng- 
land was  100  to  150  feet  above  its  present  level.  Hence,  the 
coast  line  of  New  England  would  have  been  much  extended  out- 
ward by  the  change  of  level.  Long  Island  Sound  would  have 
been  reduced  to  a  narrow  channel,  and  Long  Island  joined  to 
Connecticut,  to  which  it  geographically  belongs.  St  Lawrence 
Bay  would  have  been  greatly  contracted,  and  the  St  Lawrence 
River  lengthened  seaward  over  part  of  its  present  site.  Lake 
Champlain  would  have  poured  its  waters  down  the  valley  of  the 
Hudson ;  and,  as  others  have  shown,  Lake  Michigan  down  the 
Mississippi  valley. 

The  elevation  of  New  England  would  have  increased  in 
amount  from  the  southern  shore  northward,  and  from  the  south- 
eastern northwestward,  toward  the  Icy  Plateau.  Consequently 
the  White  Mountains,  Mt  Mansfield  and  other  Green  Mountain 
peaks,  and  the  Adirondacks  of  northern  New  York,  would 
probably  have  stood  iit  least  500  feet  above  their  present  level 
If  so,  it  is  necessary,  in  order  to  have  the  slope  of  one  averaging 
two  or  three  feet  in  a  mile,  that  as  much  at  least  should  be 
added  to  the  average  heiti:ht  of  the  great  northern  Icy  Plateau, 
which  would  make  it  6,500  to  7,000  feet 

If  the  lev  Plateau,  instead  of  being  along  the  watershed, 
was  situated  to  the  north  and  northwest  of  it,   somewhere  iu 
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central  or  northern  North  America,  the  height  must  have  been 
greater  in  proportion  to  the  remoteness. 

8.  The  movement  of  the  Glacier. — The  great  glacier  moved 
southeastward  (the  Icy  Plateau  trending  northeastward)  down 
the  valley  of  the  Ottawa  and  the  slopes  east  of  it,  and  marked 
its  course  deeply  in  the  subjacent  rocka  But  on  nearing  the 
St  Lawrence,  the  lower  part  of  its  mass  yielded  to  the  impulse 
of  gravity  according  with  the  slopes  of  this  transverse  valley,  so 
that  along  this  valley  only  soumwest  scratches  were  made,  as 
facts  show.  Yet,  the  upper  part  of  its  mass  continued  on  its 
first  course,  and,  in  nortnem  New  York  and  Vermont,  and  over 
southern  Canada  adjoining  the  latter  State,  the  southeastward 
moving  ice  again  touched  bottom  and  resumed  its  work  of  abra- 
sion. This  is  precisely  parallel  to  what  happened  to  the  gla- 
cier, as  I  have  shown,  in  its  passage  across  the  Connecticut 
River  valley.  In  each  case  the  valley  determined  the  move- 
ment along  its  course  of  an  under  portion  of  the  glacier,  while 
the  upper  portion,  spanning  the  valley,  continued  the  grander 
movement  initiated  m  the  Icy  Plateau,  and  favored  by  tne  gen- 
eral slope  of  New  England.  The  great  glacier,  6,000  to  8,000 
feet  in  thickness,  had  no  difficultv  in  keeping  on  its  course  ac- 
cording to  the  general  slope  of  the  land,  and,  at  the  same  time, 
in  following  underneath  the  larger  vaUeys  or  even  many  of  the 
local  slopea  It  could  not  do  otherwise.  Icebergs  in  a  conti- 
nental sea,  on  the  contrary,  would  have  been  puzzled  to  find  all 
the  criss-cross  currents  needed  to  help  them  along  the  valleys, 
up  hill  and  down,  and  through  all  points  of  the  compass. 

4.  One  cause  of  the  cold  of  the  Olacial  era  in  North  America, — 
Increase  in  the  extent  and  height  of  high-latitude  lands  may 
well  stand  as  one  cause  of  the  cold  of  the  American  Glacial 
era.  This  rising  of  the  land  of  northern  Canada  into  a  great 
plateau,  at  least  as  high  as  the  summit  of  Mt  Washington,  with 
the  less  elevation  of  wide  regions  north  and  south  as  a  part  of 
the  great  swell  of  the  surface,  and  with  the  simultaneous  eleva- 
tion of  other,  perhaps  higher,  plateaus  over  the  more  northern 
and  northwestern  portions  of  the  continent,  and  all  a  sequel  to 
the  majestic  uplifts  of  the  Tertiary,  would  have  made  a  Olacial 
period  for  North  America,  whatever  the  position  of  the  eclip- 
tic, or  whatever  the  eccentricity  of  the  earth's  orbit,  though 
more  readily  of  course  if  other  circumstances  favored.  Having 
the  most  elevated  land  of  eastern  North  America  along  the  re- 
gion pointed  out,  the  courses  of  the  winds  and  the  distribution 
of  moisture  would  have  been  different  from  the  present  Can- 
ada being  then  on  the  seaward  slope  of  the  high  land  instead 
ofj  as  now,  on  the  landward  slope,  could  not  have  had  its  com- 
paratively dry  climate  with  only  an  annual  fall  of  30  inches  of 
moisture. 
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5.  Epochs  of  the  Quaternary  in  North  Ameruxu — ^In  view  of  the 
facts  witli  regard  to  the  elevated  northern  lands  of  the  Glacial 
era  here  set  forth — facts  if  Glaciers  had  anything  to  do  with  the 
Glacial  phenomena — the  epochs  of  the  Quaternary,  before  de- 
duced by  the  writer,  come  out  in  great  boldness. 

The  movement  of  the  Glacial  era  carried  the  northern 
lands  upward,  at  least  6,000  feet  above  their  present  level  in 
northern  Canada,  and  probably  as  much  or  more  over  the 
higher  latitudes  to  the  west  and  north. 

Then  followed  a  slowly  progressing  subsidence — ^the  great  char- 
acteristic of  the  Champlain  era — which  ultimately  sank  the 
same  lands  even  to  a  greater  extent  than  they  had  been  raised, 

J)lacing  the  valley  of  the  St  Lawrence,  about  Montreal,  over  600 
eet  below  its  present  level,  and  probably  1,000  feet  at  least  below 
its  level  in  the  Glacial  era.  With  the  commencement  of  this 
movement,  or  as  it  progressed,  began  the  melting  of  the  glacier; 
but  the  era  continued,  as  provM  by  elevated  beaches  full  of 
shells  and  other  deposits,  long  after  the  melting  ceased.  During 
it,  owing  to  the  larger  amount  of  subsidence  to  the  north,  north 
and  south  rivers  had  their  slope  greatly  diminished,  and  in  some 
places  leveled  out  entirely  for  long  distances ;  and  owing  to  the 
vast  depositions  of  drift,  rivers,  like  Niagara,  sometimes  had 
their  channels  obstructed  and  were  forced  to  begin  new  cuts, 
while  other  water-courses  of  the  Glacial  era  were  wholly  cut  oft', 
as  tlmt  from  the  Cliainplain  Ljvke  down  the  Hudson  valley. 

Afterward  the  return  movement,  that  of  the  Terrace  era 
followcnl,  placing  the  land  tinally  at  its  present  level,  leading 
thus  to  a  deepen ing  of  river  channels,  and  thereby  to  the  mak- 
ing of  the  river  and  lake  terj*aces  that  cover  the  continent 

T\\e  fact  of  these  grander  movements  which  mark  the  three 
eras  does  not  preclude  the  possibility  of  minor  local  oscillations 
of  level  during  their  progress. 


Art.  XLI. —  Variatmis  in  tfic  Temperature  of  the  Human  Body: 
by  B.  F.  Craig,  M.D.  (Read  before  the  Phil.  Soc  of  Wash- 
ington). 

It  is  well  understood  that  the  temperature  of  the  human 
body  is  kept  approximately  uniform  under  very  various  exter- 
nal conditions  l)y  a  system  of  physiological  compensations, 
and  at  the  same  time,  it  is  not  doubted  that  a  certain  amount 
of  warming  and  of  chilling  does  tc^ke  place  in  spite  of  those 
compensations. 

In  disease,  we  have  occasionally  depressions  of  the  tempera- 
ture below  the  normal  standard  of  98. °4  Fah.,  and  frequently 
considerable  elevations  above  it — a  rise  of  2°,  4°,  or  even  6° 
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Fab.,  accompanjing  ordinary  febrile  disturbances.  The  pecu- 
liarity attending  the  rise  of  temperature  in  disease  is  that  it  is 
not  much  felt  by  the  patient  himself  In  mild  intermittent  fe- 
ver and  in  tubercular  consumption,  the  heat  of  the  body  will 
often  be  found  1^°  or  2°  above  the  standard  of  health,  while  no 
sense  of  unusual  heat,  and  sometimes  no  bodily  discomfort  of 
any  kind,  is  felt  by  the  sick  man.  Even  in  the  more  serious 
fevers,  where  the  temperature  goes  up  to  102°,  104°,  or  higher, 
there  is  not  always  a  sense  of  increased  heat  proportioned  to 
the  disturbance  of  temperature :  and  moreover,  the  state  of  the 
temperature  is  governed  mainly  by  the  severity  of  the  disease, 
and  not  by  such  external  circumstances  as  the  heat  of  the 
weather  and  the  amount  of  clothing. 

The  great  and  long  continued  heat  of  the  summer  of  1870 

S.ve  me  an  opportunity,  which  seems  unlikely  to  recur  during 
e  present  summer,  of  investigating  on  myself  to  what  extent 
the  temperature  of  the  healthy  body  was  liable  to  rise  under 
the  influence  of  oppressively  warm  weather. 

In  the  course  of  my  experiments  the  highest  temperature 
that  I  found  was  that  of  99  '7  FaL  At  this  temperature  I  felt 
quite  unpleasantly  overheated,  but  not  as  much  so  as  I  would 
have  been  if  instead  of  spending  the  morning  indoors,  I  had 
been  exposed  to  the  rays  of  the  sun  in  the  open  air.  When 
the  temperature  of  my  body  was  below  99°  I  never  felt  uncom- 
fortably hot  In  fact,  I  satisfied  myself  by  repeated  trials,  that 
a  temperature  of  99°  "2  must  be  reached  before  the  sensation  of 
8u£feniig  fit)m  heat  comes  on. 

During  the  hottest 'weather,  I  was  able,  by  the  prolonged  use 
of  the  snower  bath,  to  reduce  my  temperature  to  97°'7.  If, 
while  at  or  about  this  temperature,  I  went  into  the  street  in  the 
middle  of  a  very  hot  day,  the  greatness  of  the  heat  was  plainly 
felt  as  a  sensation,  but  not  as  a  cause  of  discomfort,  as  a  man 
in  cool  weather  might  feel  the  glow  of  a  furnace  near  which  he 
was  standing  without  being  distressed  by  it  In  fact,  until  my 
temperature  had  risen  to  99°,  I  tsuqt^j  perceived  how  hot  it  was 
without  being  troubled  by  it 

It  would  thus  appear  that  the  discomfort  we  feel  in  hot 

weather  is  not  from  the  impression  c»f  heat  on  the  surface,  but 

from  the  secondary  effect  of  the  heating  up  of  the  whole  body ; 

or  rather,  it  is  only  when  the  heat  of  the  whole  body  has  risen 

nearly  I    Fah.  that  a  check  of  the  surface  cooling  begins  to  be 

unpleasant 

V  ery  great  elevations  of  temperature  have  been  observed  in 

sun  stroke  or  heat  apoplexy.     That  in  all  such  cases  the  heat 

of  the  body  rises  above  100°  Fah.  before  alarming  symptoms 

manifest  themselves,  I  think  highly  probable.     Accurate  ther- 

mometric  examinations  of  mild  cases  of  sun  stroke  and  of  per- 
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sons  supposed  to  be  on  the  verge  of  apoplexy  from  excessiye 
heat,  may  be  pointed  out  as  scientific  desiderata. 

In  the  Philos.  Trana  for  1792  are  to  be  found  some  curioos 
experiments  by  Dr.  James  Currie,  on  the  cooling  of  the  human 
body  by  cold  oaths.  He  carried  the  reduction  of  temperature 
as  low  as  88°  FaL,  and  this  seemed,  from  the  symptoms  pro- 
duced, to  be  as  far  as  the  heat  of  the  body  could  oe  reduonl 
with  safety.  It  is  to  be  hoped  that  some  one  may  supplement 
these  researches  by  experiments  in  the  direction  of  the  eleratioD 
of  the  animal  temperature. 


Art.  XLII. — Preliminary  Oatalogue  of  the  bryfU  lines  in  theSpen- 
trumof  the  Chromosphere;  by  U.  A.  YouNG,  Ph-D.,  ProfeBSor 
of  Astronomy  in  Dartmouth  College. 

The  following  list  contains  the  bright  lines  which  have  been 
observed  by  the  writer  in  the  spectrum  of  the  chromosphere 
within  the  past  four  weeka  It  includes,  however,  only  those 
which  have  been  seen  twice  at  least ;  a  number  observed  on 
one  occasion  (Sept  7th)  still  await  verification. 

The  spectroscope  employed  is  the  same  described  in  the  Jon^ 
nal  of  the  Franklin  Institute  for  November,  1870 ;  but  certain 
important  modifications  have  since  been  effected  in  the  instm- 
ment.  The  telescope  and  collimator  have  each  a  focal  le^th 
of  nearly  10  inches,  and  an  aperture  of  J  of  an  inch.  The 
prism-train  consists  of  five  prisms  (with  refractinff  angles  of 
55°)  and  two  half-prisms.  The  light  is  sent  twice  tnrough  the 
whole  series  by  means  of  a  prism  of  total  reflection  at  the  end 
of  the  train,  so  that  the  dispersive  power  is  that  of  twelve 
prisms.  The  instrument  distinctly  divides  the  strong  iron  line 
at  1961  of  Kirchhoff  ^s  scale,  and  separates  B  (not  b)  into  its 
three  components.  Of  course  it  easily  shows  everything  thai 
appears  on  the  spectrum  maps  of  iSrchhoff  and  Angstrom. 
The  adjustment  for  "the  position  of  minimum  deviation"  is 
automatic ;  i.  e.,  the  different  portions  of  the  spectrum  are 
brought  to  the  center  of  the  field  of  view  by  a  movement 
which  at  the  same  time  also  adjusts  the  prisma 

The  telescope  to  which  the  spectroscope  is  attached  is  the 
new  Equatoreal  recently  mounted  in  the  observatory  of  the 
College  oy  Alvan  Clark  &  Sons. 

It  is  a  very  perfect  specimen  of  the  admirable  optical  work- 
manship of  this  celebrated  firm,  and  has  an  aperture  of  9yi 
inches,  with  a  focal  length  of  12  feet. 

In  the  table  the  first  column  contains  simply  the  reference  num- 
ber. An  asterisk  denotes  that  the  line  affected  by  it  has  no  well 
marked  corresponding  dark  line  in  the  ordinary  solar  spectruni 
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The  second  column  gives  the  position  of  the  line  upon  the 
scale  of  Kirchhoff's  map— determined  by  direct  comparison 
with  the  map  at  the  time  of  observation.  In  some  cases  an  in- 
terrogation mark  is  appended,  which  signifies  not  that  the  exig- 
ence of  the  line  is  doubtful,  but  only  that  its  precise  place  could 
not  be  determined,  either  because  it  fell  in  a  shading  of  fine 
lines,  or  because  it  could  not  be  decided  in  the  case  of  some 
close  double  lines  which  of  the  two  components  was  the  bright 
one ;  or  finally  because  there  were  no  well  marked  dark  lines 
near  enough  to  furnish  the  basis  of  reference  for  a  perfectly 
accurate  determination. 

The  third  column  gives  the  position  of  the  line  upon  Ang- 
strom's normal  atlas  of  the  solar  spectrum.  In  this  column  an 
occasional  interrogation  mark  denotes  that  there  is  some  doubt 
as  to  the  precise  point  of  Angstrom's  scale  corresponding  to 
Kirchhoff*  s.  There  is  considerable  difference  between  the  two 
maps,  owing  to  the  omission  of  many  faint  lines  by  Angstrom, 
ana  the  want  of  the  fine  gradations  of  shading  observed  by 
Kirchhoff,  which  renders  the  coordination  of  the  two  scales 
sometimes  difficult,  and  makes  the  atlas  of  Kirchhoff  £ar  supe- 
rior to  the  other  for  use  in  the  observatory. 

The  numbers  in  the  fourth  column  are  intended  to  denote 
the  percentage  of  frequency  with  which  the  corresponding 
lines  are  visible  in  my  instrument.  They  are  to  be  r^arded  as 
only  roughly  approximative ;  it  would  of  course  require  a  much 
longer  period  of  observation  to  furnish  results  of  this  kind  I 
worthy  of  much  confidence. 

In  the  fifth  column  the  numbers  denote  the  relative  brilliance 
of  the  lines  on  a  scale  where  100  is  the  brightest  and  1  the 
faintest  These  numbers  also,  like  those  in  tne  preceding  col- 
umn, are  entitled  to  very  little  weight 

The  sixth  column  contains  the  symbols  of  the  chemical  sub- 
stances to  which,  according  to  the  maps  above  referred  to,  the 
lines  owe  their  origin. 

There  are  no  disagreements  between  the  two  authorities ;  in 
a  majority  of  cases,  however.  Angstrom  alone  indicates  the  ele- 
ment, and  there  are  several  instances  where  the  lines  of  more 
than  one  substance  coincide  with  each  other  and  with  a  line  d 
the  solar  spectrum  so  closely  as  to  make  it  impossible  to  decide 
between  them. 

In  the  seventh  and  last  column  the  letters  J.,  L.  and  S.  de- 
note that  to  my  knowledge  the  line  indicated  has  been  ob- 
served and  its  place  published  by  Janssen,  Lockyer  or  Savet 
It  is  altogether  probable  that  a  large  portion  of  the  other  lines 
contained  in  the  catalogue  have  before  this  been  seen  and  lo- 
cated by  one  or  the  other  of  these  keen  and  active  observers, 
but  if  so  I  have  as  yet  seen  no  account  of  such  determina- 
tions. 
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I  would  call  especial  attention  to  the  lines  numbered 
1  and  82  in  the  catalogue :  they  are  very  persistently  present, 
though  faint,  and  can  be  distinctly  seen  in  the  spectroscope  to 
belong  to  the  chromosphere  as  such,  not  being  due,  like  most  of 
the  other  lines,  to  the  exceptional  elevation  of  matter  to  heights 
where  it  does  not  properly  oelong.  It  would  seem  very  proba- 
ble that  both  these  lines  are  due  to  the  same  substance  which 
causes  the  D'  lina 

f  do  not  know  that  the  presence  of  Titanium  vapor  in  the 
prominences  and  chromosphere  has  before  been  ascertained.  It 
comes  out  very  clearly  from  the  catalogue,  as  no  less  than  20  of 
the  whole  103  lines  are  due  to  this  metal. 

Hanover,  N.  H.,  Sept  13,  1871. 


Abt.  XLTTT. — The  precise  Geographical  position  of  the  large 
masses  of  meteoric  iron  in  Nortli  Mexico^  with  the  description  of 
a  new  mass — The  San-Oregorio  Meteorite;  by  J.  Lawrence 
Smith,  Louisville,  Ky. 

Some  of  the  remarkable  masses  of  meteoric  iron  in  Northern 
Mexico  have  been  known  to  travelers  for  a  number  of  years; 
but  no  very  precise  information  concerning  them  had  been 
given  until  the  year  1854,  when  the  first  mass,  brought  from 
that  locality,  was  placed  at  my  disposal  by  Lieut  Gouch  of  the 
U.  S.  Army,  and  was  described  in  a  memoir  on  meteorites 
published  in  the  American  Journal  of  Science,  April,  1854 ;  it 
18  now  in  the  Smithsonian  Museum,  and  weighs  252  lbs. 

On  the  return  of  Mr.  Bartiett,  of  the  Boundary  Commission, 
I  learned  of  two  other  masses  in  that  region,  and  Lieut  John  G. 
Parke,  of  the  U.  S.  Army,  placed  a  fragment  of  one  of  them 
in  my  possession;  the  fragment  of  the  other  mass  was  lost 
I  figured  and  described  both  of  those  meteorites  in  the  memoir 
just  alluded  to  ;  the  first,  which  I  called  the  Tucson  Meteorite,  is 
now  in  the  Smithsonian  Institute,  and  weighs,  I  believe,  several 
thousand  pounds  ;  the  second  one  I  called  the  Chihuahua  iron, 
and  is  still  at  the  Hacienda  de  Conception,  where  it  was  first 
found.  Still  later  in  the  year  1868,  Dr.  H.  B.  Butcher  placed 
under  my  examination  eight  masses  of  meteoric  iron  that  had 
been  brought  to  the  United  States  from  the  same  region  of 
Mexico;  these  I  examined,  and  published  a  full  account  of 
in  the  American  Journal  of  Scienca  These  masses  are  now  in 
Philadelphia,  still  owned  by  Dr.  Butcher,  and  vary  in  weight 
from  about  800  lbs.  to  800  lbs.  Dr.  Butcher  having  returned 
to  Mexico,  I  requested  him  to  get  all  possible  information  in 
regard  to  the  geographical  position  or  these  bodies;  this  he 


886    J.  L.  Smiih — PmHian,  of  Meteoritea  m  North  Mexico. 


fraement  of  another  mass,  rtfll  lai;^  than  any  ye*  kDown, 
which  will  be  called  the  San-Ortgono  Mettotie  iron.  Itodw- 
cription  is  aa  follows: 

The  San-Oregorio  Meteorite. — ^This  immense  mass  of  meteoric 
iron  is  situated  on  the  western  border  of  the  Mexican  Desert,  a 
map  of  which  is  given  on  the  next  page;  Some  idea  of  its 
form  may  be  had  in  the  accompanying  sKetch, 

■  R  ■  In  It  measnreB  i 

feet  6  inches  in 
its  Breateel 
i  len^h,  is  5  feet 
'  6  inches  high, 
and  4  feet  thick 
'  at  its  base;  on 
one  part  of  its 
surface.  1821  is 
cut  with  a  chisel, 
and  above  this 
date  is  the  fol- 
'  lowing  inscrip- 
tion :  "  Solo  dm 
eon  unpoder  est! 
fxTTQ  dettruerd,  por  que  en  el  mondo  no  hahra  qrdea  h  puedo 
lUschacer." 

It  lies  within  the  enclosure  of  a  hacienda,  having  l»eeii 
hauled  to  the  ranch  many  years  ago  by  the  Si>at)iards, 
wlio  thought  that  it  could  be  made  use  of  as  iron  for  farming 
utenaila  It  is  said  to  have  fallen  quite  near  its  present  site, 
and  from  its  huge  bulk  and  weight,  which  is  calculated  to 
be  about  five  tons,  it  could  not  have  been  transported  very  far. 
Nothing  more  is  known  of  its  history.  Small  specimens  were 
detached  by  Dr,  Butcher,  one  of  which  I  have  examined.  I 
find  it  to  be  of  the  softer  meteoric  irons,  with  a  specific  gravity 
of  7'84  The  fragment  I  possess  is  too  small  for  the  study  of 
the  true  character  of  its  Widmannstiitian  figures. 
On  analy.sis,  it  furnished  the  following  composition  : 

Iron, 95-01 

■   Niekol, ...,     4-22 

Cobalt, -51 

Copper, minute  trace 

Pliosphorns, 0-08 

This  San-Gr&jorio  iron  makes  the  fiftli  that  has  come  under 
mj-  observation  and  examination  from  this  famous  Mexicao 
locality,  the  geography  of  whicli  I  will  now  describe,  referring 
to  the  accompanying  diagram  for  detaiU. 
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The  Bolson  de  Mapini  or  Mexican  Desert  occupies  the  west- 
ern portion  of  the  province  of  Cohahuila,  and  the  eastern  por- 
tion of  the  province  of  Chihuahua.  It  is  400  miles  from  east 
to  west,  and  500  miles  from  north  to  south,  bounded  on  the 
north  by  the  river  Bio  Granda  Some  of  the  villages  and 
haciendas  are  specified  in  the  diagram,  and  the  numbers  1,  2, 
3,  &C.,  are  the  localities  of  the  dmerent  meteoric  masses  dis- 
covered. 


•  cmhiuiiiu 

«         city. 

^  i  BOLSON     UE 

o  f  m#!pini 


*    aSSaia^  *•»    8*«^Bo»- 


5« 

/  « 

„  . ./  i 

Bur  ang  o.  ' 

No.  1.  The  locality  of  the  OohahuHa  meteorite  described  by 
me  in  this  Journal,  April,  1854 ;  it  is  now  in  the  Smithsonian 
Institution. 

No.  2.  The  locality  of  the  CohahuHa  meteorite  of  1868, 
described  by  me  in  this  Journal,  April,  1870 ;  it  is  now  in  the 
possession  of  Dr.  Butcher. 

No.  3.  The  locality  of  the  San-Gregorio  meteorite  just  de- 
scribed ;  it  is  still  in  the  place  where  it  was  first  observed. 

No.  4.  The  locality  of  the  mass  described  and  figured  in  my 
memoir  on  meteorites  (this  Journal,  April,  1854),  and  called 
the  Chihuahua  Meteorite  ;  it  is  still  in  place  at  the  Hacienda  de 
Conception^  10  miles  from  Zapata,  its  greatest  height  being 
forty-six  inches,  breadth  thirty-seven,  and  in  the  thickest  part 
eight  feet  three  inches  in  circumference.  Signor  Urquida  cal- 
culated its  weight  to  be  about  four  thousand  pounds. 

No.  5.  The  locality  of  a  huge  meteorite  lately  discovered,  of 
which  no  specimen  has  yet  been  detached,  and  is  said  to  be 
laiK^r  than  any  one  yet  found  in  that  locality. 

Ko.  6.  The  locality  of  the  large  mass  described  and  figured 

by  me  in  1854  as  the  Tucson  iron^  and  now  in  the  Smithsonian 

^  Institution  at  Washington,  having  a  large  hole  in  the  center,  and 
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sometimeB  called  the  Si^^t  Meteorite,  also  the  Ainsa  Meieorile,  I 
do  not  know  its  exact  weight,  but  suppose  that  it  must  weigh 
two  or  three  thousand  pounda 

The  question  naturally  arises,  what  can  be  the  cause  of  the 
number  of  meteoric  masses  in  the  circumscribed  r^on,  and 
whether  each  one  represents  a  separate  fall  ?  My  study  of  than 
leads  me  to  the  belief  that  they  are  the  products  of  two  fidk 
First  of  all,  No.  6,  the  Signet  or  Ainsa  meteorite,  has  peculiar 
physical  and  chemical  characters  that  separate  it  entirely  from 
the  others.  Nos.  1,  2  and  3  I  have  examined  chemically,  and 
find  them  very  closely  allied  in  composition,  also  in  physical 
properties,  as  the  soflbness  of  the  iron  and  fr^dom  from  rusty 
crusts  over  the  exterior ;  in  fact  the  pieces  I  have  ezaminea 
were  more  or  less  bright  on  the  exterior  sur&ce.  The  Wid- 
mannstatien  figures  I  have  not  had  an  opportunity  to  compare, 
since,  with  the  exception  of  No.  1,  I  have  had  only  small  pieces 
that  were  detached  from  the  surface  by  a  cold  chisel,  which  are 
unfit  for  the  study  of  these  figures.  Thus  far  in  my  investigation, 
there  appears  strong  reasons  for  supposing  that  at  some  epoch, 
probably  far  remote,  the  meteoric  masses  1,  2,  8,  4  and  5  were 
the  products  of  the  fall  of  one  meteoric  mass,  moving  from  the 
northeast  to  the  southwest,  the  smaller  masses  falling  first  at  1 
and  2,  and  the  larger  masses  farther  on.  The  distances  of  these 
bodies  from  each  other  are,  fix>m  Nos.  1  to  2  about  86  miles, 
from  2  to  5  about  135  miles,  from  5  to  8  about  165  miles,  fiDm 
3  to  4  about  90  miles.  Of  course  these  is  no  great  stress  laid 
upon  these  deductions,  but  it  would  not  be  surprising  if  further 
investigation  should  sustain  this  view. 

Since  my  first  publication  on  these  meteorites,  Burckhardt, 
of  Bonn,  has  made  some  observations  upon  them,  but  his  publi- 
cations are  not  within  my  reach  at  the  present  time. 


Art.  XLIV. — On  the  Iridium  compounds  analogous  to  theEthyltn 
and  Protochloride  of  Platinum  Salts  ;*  by  Prof.  Samuel  P. 
Sadtler,  Ph.D.,  Pennsylvania  College,  Gettysburg,  Pa. 

Among  the  compounds  which  we  are  accustomed  to  call 
organo-metallic^  those  of  PtCl^  and  PtClg  play  perhaps  the  most 
important  part  We  can  separate  them,  however,  into  the  two 
great  classes— those  where  the  PtCl^  and  PtClj  enter  by  substi- 
tution into  compound  ammonia-atoms,  and  thus  form  bases 
more  or  less  complex,  but  having  still  a  certain  connection; 
and  those  where  tne  PtCl^  and  PtCl,  take  up  organic  radicals 
of  different  degrees  of  valence  to  form  saturated  compounds. 

♦  Extract  from  an  Inaugural  d'ssertation  at  the  Univ.  of  Gottingen,  April,  1871. 
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The  range  of  this  last  class,  as  can  be  seen,  is  very  wide ;  one 
of  the  most  prominent  of  these  compounds,  however,  and  one 
which  exercised  for  some  time  a  very  considerable  influence 
upon  the  theoretical  views  held  at  that  time,  is  the  compound 
of  PtCl,,  known  as  Zeise^s  salt,  and  discovered  and  investigated 
by  him  in  1880. 

It  is  not  necessay  to  recount  here  the  controversy  which 
took  place  between  Zeise  and  Liebig  on  the  subject  Suffice  it 
to  say  that,  by  subsequent  investigations  of  Griess  and  Martins 
and  of  Bimbaum,  its  formula  is  definitely  settled  as  PtCl^, 
C,H,+KC1. 

The  investigation  I  now  undertook  was  to  see  if  a  similar 
base  of  iridium  could  be  prepared.  Various  considerations, 
stated  at  length  in  my  original  paper,  led  me  to  believe  that 
iridium  might  not  combine  exactly  as  platinum  did,  in  the 
formation  oi  these  salts. 

After  obtaining  the  double  chloride  of  iridium  and  ammo- 
nium  in  the  ususJ  way,  by  decomposing  the  osmiridium,  I  made 
some  tests  as  to  the  manner  of  formation  of  the  salt.  An  at- 
tempt to  form  it  by  taking  the  double  chloride  of  iridium  and 
ammonium  in  solution,  and,  passing  a  stream  of  chlorine 
through  to  break  up  the  chloride  of  ammonium,  to  then  conduct 
ethylen  gas  into  it,  was  unsuccessful  The  method  which  sue 
ceeded  most  perfectljr  was  to  act  upon  iridium  chlorida  This 
was  obtained  by  icniting  the  double  chloride  of  iridium  and 
ammonium,  thus  obtaining  iridium  oxide  and  metallic  iridium, 
which  was  then  heated  with  aqua  regia  in  sealed  tubes  of  bohe- 
mian  glass  to  ISC'*  gr  200''C.  This  solution  of  IrCl,,  I  then 
treatea  with  absolute  alcohol  On  adding  KCl,  and  allowing  it 
to  crystallize  out,  I  got  the  greenish-brown  crystals  of  the 
iridium-ethylen  base.  On  subjecting  them  to  an  organic  com- 
bustion, I  obtained  as  products  carbonic  acid  and  water.  They 
burned  with  a  luminous  flame,  and  answered,  in  short,  all  the 
tests  applied  to  Zeise's  platinum  salt 

Anotner  experiment,  to  see  if  ethylen  gas  would  act  directly 
upon  the  IrCl^,  reducing  it  and  uniting  at  the  same  time,  was 
unsuccessfuL 

It  will  thus  be  seen,  that  the  only  method  of  preparing  the 
iridium-base  is  by  the  reducing  action  of  alcohol  on  iridium 
chloride,  according  to  the  reaction  : — 

!rS  2L'+iH^H+  L!  OH  '"^  OA+2HCl+^^+H.O 

< . '  z_ 

■' 

the  products  of  which  are  iridium-ethylen-protochloride,  hy- 
drocnloric  acid,  aldehyde  and  water. 

The  purifying  of  the  necessary  iridium  was  found  to  be  a 
very  long  and  tedious  operation,  the  last  traces  of  platinum 
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sticking  very  pertinaciously  to  the  iridium  salt  The  processes 
in  use  also  leave  much  to  be  desired  in  the  way  of  completeness 
and  expedition. 

The  method  selected  for  separation  was  the  method  of  Bim- 
baum,  grounded  upon  the  distinct  and  separate  crystallization 
of  the  double  cyanides  of  iridium  and  barium  and  platinum 
and  barium.  To  convert  the  double  chlorides  of  iridium  and 
ammonium,  and  platinum  and  ammonium  into  the  double  ch- 
ides of  iridium  and  potassium,  and  platinum  and  potassium, 
after  trying  Wohlers  and  Muckle*s  method  and  obtaining 
unsatisfactory  results,  I  had  recourse  to  Martins'  method.  This 
consists  in  mixing  the  dry  impure  chloride  of  iridium  and 
ammonium  with  powdered  cyanide  of  potassium,  and  fusing 
and  then  taking  up  with  water  the  fused  mass.  After  working 
some  time  with  this  method,  with  rather  poor  results,  owing  to 
the  high  heat  required  to  bring  the  mass  to  fusion  and  the  in- 
variable decomposition  of  the  newly  formed  double  cyanides, 
resulting  from  the  application  of  such  a  heat,  I  modified  the 
method  in  several  particulars.  I  found,  on  trying,  that  the  black 
iridium  oxide  went  very  readily  into  solution  in  the  fused  cyan- 
ide of  }x>tassium«  Taking,  tnerefore,  the  double  chloride  of 
iridium  and  ammonium  and  igniting  it  to  transform  it  into  the 
iridium  oxide,  I  proceeded  after  the  following  manner.  Covering 
the  bottom  of  the  crucible  with  a  bed  of  powdered  KCy,  I  then 
added  a  mixture  of  KCy  and  iridium  oxide,  and  exposed  it  to 
the  flame  of  the  blast-lamp.  The  fusing  cyanide  takes  up  quite 
readily  the  metallic  oxide,  and  is  soon  in  calm  fusion.  A  rwuc- 
tion  still  takes  place,  but  by  no  means  to  tlie  extent  experienced 
before.  This  is  occasioned  by  the  stmng  heat  which  lias  to  be 
applied  to  get  the  mass  into  full  fusion.  Another  modification 
which  I  then  made  has  some  advantages  over  this  just  described. 
It  is  to  bring  a  few  pieces  of  KCy  to  full  fusion,  and  then  keep- 
ing it  so,  to  add  a  previously  prepared  mixture  of  the  iridium 
oxide  and  finely  pulverized  cyaniae  of  potassium  to  it-,  in  small 
giiantities  at  a  time.  The  advantage  here  is,  that,  when  the 
KCy  has  once  been  brought  to  fusion,  it  can  be  kept  there  with 
a  comparatively  small  flame,  and  the  reduction  of  the  double 
cyanides  does  not  occur  so  readily.  It  is  true,  that  adding  the 
iridium  so  slowly,  the  compound  is  kept  in  the  fused  state 
longer.     My  experience,  however,  leads  me  to  prefer  this  latter 

Elan,  and  I  generally  used  it  as  giving  the  largest  yield.  Birn- 
aum's  method  ]>roper  is  now  used.  The  solution  of  the 
doable  cvanides,  filtered  oiY  from  any  unattacked  iridium  oxide, 
contains  a  tolerably  large  excess  of  free  KCy.  This  is  destroyal 
by  adding  dilute  llCl.  When  neutral,  a  concentrated  solution 
of  copper  vitriol  is  added.  The  violet-colored  precipitate  of 
mixed  double  cyanides  of  iridium  and  platinum  with  copper  is 
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washed  by  decantation  with  boiling  water.  While  suspended 
therein,  a  strong  solution  of  caustic  baryta  is  added.  Tne  cop- 
per  is  thrown  Sown  as  bn)wii  oxide  of  copper,  and  the  double 
cyanides  of  iridium  and  platinum  with  barium  are  formed, 
which  remain  in  solution.  When  the  fluid  reacts  distinctly 
alkaline,  after  a  minute  or  so  boiling,  it  is  filtered  oflf,  and  then 
CO,  is  passed  through,  until  a  neutral  reaction  is  obtained. 
Filter  off  the  precipitate  of  BaCOa,  ^^^  ^en  concentrate  for 
crystallization.  The  yellow  platinum  salt  crystallizes  out  first 
in  small  crystals,  with  a  play  of  colors  from  yellow  to  blue,  be- 
ing similar  in  their  dichroic  effects  to  most  of  the  other  double 
cyanides  of  platinum.  The  iridium  salt  crystallizes  then  in 
larger  colorless  prisms,  which  can  be  easil3r  separated  mechani- 
cally from  the  platinum  crystals.  The  iridium  crystals  I  ig- 
nited in  a  porcelain  crucible,  and  having  thus  completefy 
broken  up  tne  compound,  drew  out  the  baryta  with  boiling 
water.  The  iridium,  after  being  well  washea  and  ignited  to 
completely  oxidize  it,  was  heated  as  before  with  aqua  regia  in 
a  sealed  tube  to  200°C.  The  IrCl^  solution  obtained  was  again 
treated  with  absolute  alcohol,  and,  on  addition  of  KCl  and 
NH^Cl,  the  crystallized  salts  were  obtained. 

However  the  compounds  which  were  now  formed  were,  con- 
trary to  my  expectations,  not  the  ethylen  salts  pure  and  alone, 
but  there  was  a  simultaneous  formation  of  what  appear  to  be 
several  distinct  compounds.  Although  in  one  preparation  of 
ammonium  salt  analyzed,  the  ethylen-protochloride-salt  was  iso- 
lated tolerably  pure,  yet,  in  the  majority  of  the  analyses,  I  had  to 
do  with  a  mixture  difficult  to  separate  even  under  the  lens.  The 
readiness  with  which  these  compounds  decompose  when  sub- 
jected to  recrystallization,  even  although  one  ooserves  the  pre- 
caution of  keeping  the  solution  distinctly  acid,  prevents  any 
successftil  purifying  that  way.  The  preparation,  therefore,  had 
to  be  prepared  for  analysis  by  drying  between  bibulous  paper, 
and  then  over  H3SO4  or  at  100**,  according  as  I  wished  to 
determine  the  percentage  of  water  or  not  A  certain  amount  of 
HCl  from  the  acid  solutions  therefore,  adhering  to  the  crystals, 
made  the  CI  determinations  as  a  rule  high.  Still  the  results 
approximate  sufficiently,  these  circumstances  being  taken  into 
consideration,  to  the  formulas  given,  to  show  that  several  dis- 
tinct compounds  are  here  formed.  My  first  crystallization  con 
sisted  of  orownish-red  octahedra,  which  when  analyzed  gave  in 
three  CI  determinations  4218  pr.  ct,  42  "07  pr.  ct  and  42*09 
pr.  ct  CI,  showing  them  to  be  simple  IrCl4(!KCl),,  of  which 
the  percentage  of  CI  is  42*08  pr.  ct 

I  next  got  a  crystallization  of  fine,  sharply -formed  monoclinic 
crystals  of  a  redaish-brown  color,  which  I  think  the  analyses, 
although  not  perfectly  conclusive,  still  go  to  show  to  be  a  new 
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compoan  A  Several  different  crystallizations  of  it  were  analysed. 
It  could  not  always  be  entirely  separated  from  the  slight  crust 
of  decomposed  Kdl  which  separated  out  along  with  and  among 
the  crystals 

Preparation  No  1.    Lar^e  well-formed  crystals,  with  butveiy 
little  foreign  matter  adhenng  to  the  sides. 
•1567  grms.  dried  over  H,sO^  lost  by  heating  to  100**  -0170 

grms:  =  10-85  pr.  ct : 

gave  '0525  grms.  metallic  iridium  =  38*50  pr.  ct, : 

gave  also  -2275  grms.  AgCl  =  -0568  grms.  CI  =  85-92  pr.  ct 
•1610  grms.  dried  over  H,SO,  lost  by  heating  to  100''  -0172 

grms.  =  10*68  pr.  ct : 

gave  —  Ir.  determination  accidentally  spoiled : 

gave  also  ^2820  grms.  AgCl  =  ■0574  grms.  CI  =  85-65  pr.  ct 

This  we  see  at  once  cannot  be  any  chloride  of  iridium  and 
potassium.  Its  luminous  flame,  too,  when  burned,  shows  the 
same.  Nor  do  the  percentages  agree  with  the  simple  potassic- 
ethylen  iridium  protochloride  IrCl,C,H^KCl+2H,0  where  the 
Ir.  =  48*45  pr.  ct  and  CI  =  26^19  pr.  ct 

If  we  reckon  out  the  ratio  of  iridium  to  chlorine,  we  find  it  as 
1 :  6,  showing  it  to  be  an  iridium-chloride  compound.  The  large 
pr.  ct  of  loss  on  heating,  the  small  Ir.  and  CI  pr.  eta,  when  com- 
pared with  double  iridium  and  potassic  chloride,  and  the  lumi- 
nous flame  when  burned,  all  go  to  show  that  an  organic  con- 
stituent must  make  the  additional  pr.  ct  If  we  suppose  now 
ethylen  to  enter  here  into  the  union  with  iridium  chloride,  hang- 
ing itself  on,  we  can  expect  from  the  consideration  of  analogous 
compounds  that  2  atoms  of  the  bivalent  radical  C,H^  would 
join  the  atom  PtCl^. 

We  would  have  on  this  supposition  the  formula  IrCl^(C3H  J, 
(KCl),  4-  AfHjO.  Now  this  formula  with  3  atoms  H,0  gives 
Ir.  =  82^98  pr.  ct,  CI  =  85*61  pr.  ct,  and  with  2  atoms  H,0, 
Ir.  =  33*95  pr.  ct,  CI  =  36.71  pr.  ct ;  anhydrous  it  gives  Ir.  = 
86-20  pr.  ct  and  CI  =  39*14  pr.  ct 

The  large  pr.  ct  of  loss  at  100°  is  not  accounted  for  by  3H,0, 
which  give  only  9 "08  pr.  ct  ;  but  it  is  possible  that  in  a  com- 
pound where  the  organic  constituent  is  so  loosely  connected 
with  the  rest,  as  must  be  the  case  here,  a  partial  decomposition 
of  the  salt  enters  at  100°  already. 

In  another  preparation,  also  well  crystallized,  ^1822  grms. 
dried  at  100° : 

gave  *0678  grms.  metallic  iridium  =  37*21  pr.  ct  ; 

gave  also  *3063  grms.  AgCl  =  -0758  grms.  CI  =  41*59  pr.  ct 

In  another  preparation,  indistinctly  crystallized,  0502  grms. 
dried  at  100° : 

gave  *0172  grms.  metallic  iridium  =  34*26  pr.  ct 
(Probably  low  from  HCl  mechanically  admixed.) 
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In  another  preparation,  also  indistinctly  crystallized,  *8207 
gnna.  dried  at  100^  : 

gave  -2126  grms.  AgCl  =  1268  gnns.  CI  =  89-58  pr.  ct 

It  will  tlius  be  seen  the  determinations,  all  things  considered, 
agree  close  enough  with  the  theoreti(5al  pr.  ct&  of  the  formula 
to  make  it  very  probable.  The  want  of  enough  sufficiently- 
well  crystallized  material  prevented  me  from  making  an  organic 
combustion  which  might  settle  it  definitely. 

Several  individual  crystals  of  the  first  crystallization  were 
very  sharply  and  clearly  formed,  and  I  subjected  them  to 
examination  under  the  microscope  with  a  power  of  about  60 
diameters.  The  faces  were  clearly  to  be  made  out  They  be- 
long to  the  monoclinic  system,  and  their  prevailing  habitus  in 
crystallization  is  a  combination  of  the  two  latenQ  pinacoids 
with  positive  and  negative  pyramids  accompanied  by  one  mac- 
rodome  on  the  enda  The  mces  observed  in  an  examination  of 
five  distinct  crystals  were  (according  to  Naumann)  ooPoo. 
00 Poo  -f-P.  -P.  -fiP.  -iP.  -fPoo  .  -Poo. 

In  considering  the  compounds  of  the  iridium-base  with 
NH4CI,  we  find  again  a  mixture  of  crystallized  sa1t& 

Preparation  No.  1  consisted  of  sharply  crystallized  needles 
that  looked  almost  black,  and  only  by  transmitted  light  showed 
a  brownish-green  color.     They  were  also  monoclinic 

On  analysis  they  prove,  I  think,  to  be  the  sought-for  ethylen- 
iridixan  compound. 
•0718  grms.  dried  over  H,SO^  lost  on  heating  to  100°  -0029 

=  4-07  pr.  ct : 

gave  -0850  grms.  AgCl  =  "0210  grma  CI  =  29-49  pr.  ct  or 

80-74  pr.  ct  of  salt  dried  at  100°. 

The  indium  determination  was  made  with  magnesium,  and 
was  inaccurate  as  before. 

The  formula  IrCl,C,H,NH,a  +  H,0  =  367-5  demands  CI 
=  28-98  pr.  ct,  H,0  =  4-89,  or  anhydrous  80*47  pr.  ct  CI. 

Preparation  No  2  was  of  much  smaller  needles  and  of  lighter 
color. 

Analyses  show  it  to  be  of  very  similar  composition  to  the 
potassium  salt  described  abova 
•1207  grms.  dried  at  100°  C. : 

gave  -0495  grms.  metallic  Ir.  =  41*97  pr.  ct : 

f:ave  also  -2068  grms.  AgCl  =  0512  grms.  CI  =  48-87  pr.  ct 
rCl,(C,H,),(NH,Cl),  =  -502  gives  Ir.  =  8925  pr.  ct  and 
CI  =  42-48  pr.  ct,  and  supposing  it  to  lose  some  of  the  C,H^  at 
100°,  as  stated  above,  IrCl,(C,HJ(NH,Cl)a  would  give  Ir.  = 
41-50  pr.  ct  and  CI  =  44-94  pr.  ct 

The  other  two  preparations  of  the  anmionium  salt  analysed 
appeared  under  the  lens  to  be  mixtures  of  the  iridium  proto- 
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chloride-atliylen  salt  and  the  iridium  chloride-ethylen  salt  given 
above. 

The  results  were — 
•1322  grms.  dried  at  100°  : 

gave  '0609  grms.  metallic  iridium  =  46*07  pr.  ct 
•1715  grms.  dried  at  lOO"" : 

gave  *0784  grma  metallic  iridium  =  46*95  pr.  ct. 
IrCl,  (C,H,)(NH,C1)  +  H,0  gives  Jr.  =  58*61  pr.  ct 
IrCl,  (C1,H,),  (NH.Cn,  gives  Jr.  =  89*25  pr.  ct 

The  existence  of  the  oase  IrCl^  (CjH^),, 

I  hope  to  settle  definitely  by  renewed  analyses  of  laiger 
quantities. 

While  engaged  with  the  preparation  of  the  ethylen  and 
iridium  compound,  the  thought  of  the  possibility  of  acetylen 
(C^H,)  uniting  with  PtCl,  or  IrGl,  led  me  to  make  sonK 
experiments  in  that  direction.  After  a  number  of  endeavors  to 
form  a  platinum  salt  and  analyses  of  the  products  (a  detailed 
account  of  which  is  given  in  the  original  paper),  I  obtained 
negative  results  only.  The  existence  of  such  a  salt  is  highly 
improbable. 


Art.  XLV. — Directions  for  Qmstructina  Lightning-Rods,    From 
Essays  on  Meteorology ;  by  Prot  Joseph  Hknry.* 

1st  The  rod  should  consist  of  round  iron,  of  not  less  than 
three-fourths  of  an  inch  in  diameter.  A  larger  size  is  prefera- 
ble to  a  smaller  ona  (Ordinary  gas  pipe  may  be  employed). 
Iron  is  preferred,  because  it  can  be  readily  procured,  is  c&eap, 
a  sufficiently  good  conductor,  and,  when  of  the  size  mentioned, 
cannot  be  melted  by  a  discharge  from  the  clouds.  Other  forms 
of  rod,  such  as  flat  or  twisted,  will  conduct  the  lightning,  and 
in  most  cases  answer  sufficiently  well.  Tliey  tend,  however,  to 
give  off  lateral  sparks  from  the  sharp  edges  at  the  moment  of 
the  passage  of  the  electricity  through  them,  which  might,  in 
some  cases,  set  fire  to  very  combustible  materials. 

2d.  It  should  be,  through  its  whole  length,  in  perfect  metallic 
continuity ;  as  many  pieces  should  be  joined  together  by  weld- 
ing as  practicable,  and,  when  other  joinings  are  unavoidable, 
they  should  be  made  bv  screwing  the  parts  firmly  together  bv 
a  coupling  ferule,  care  being  taken  to  make  the  upper  connec- 
tion of  the  latter  with  the  rod  water-tight  by  cement,  solder,  or 
paint 

3d.  To  secure  it  from  rust,  the  rod  should  be  covered  with  a 
coating  of  black  paint 

*  Smithsonian  Miscellaneous  CoUections. 
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4th.  It  should  be  terminated  above  with  a  single  point,  the 
5one  of  which  should  not  be  too  acute,  and  to  preserve  it  from 
the  weather,  as  well  as  to  prevent  its  being  melted,  should  be 
encased  with  platinum,  formed  by  soldering  a  plate  of  this 
metal,  not  less  than  a  twentieth  of  an  inch  in  thickness,  into 
the  form  of  a  hollow  cone.  Points  of  this  kind  can  be  pur- 
chased of  almost  any  mathematical  instrument  maker.  Usually 
the  cone  of  platinum,  for  convenience,  is  first  attached  to  a  brass 
socket,  whicn  is  secured  on  the  top  of  the  rod,  and  to  this  plan 
there  is  no  objection.  The  platinum  casing,  however,  is  fre- 
quently made  so  thin,  and  the  cone  so  slender,  in  order  to  save 
metal,  that  the  point  is  melted  by  a  powerful  discharge. 

6th.  The  shorter  and  more  direct  the  rod  is  in  its  course  to 
the  earth  the  better.  Acute  angles,  made  by  bending  the  rod, 
and  projecting  points  along  its  course,  should  be  avoided. 

6tn.  It  should  be  fastened  to  the  house  by  iron  eves,  and  may 
be  insulated  by  cylinders  of  glass.  We  do  not  tnink  the  lat- 
ter, however,  of  much  importance,  since  they  soon  become  wet 
by  water,  and,  in  case  of  a  heavy  discharge,  are  burst  asunder. 

7th.  The  rod  should  be  connected  with  the  earth  in  the  most 
perfect  manner  possible ;  and  in  cities  nothing  is  better  for  this 
purpose  than  to  unite  it  in  good  metallic  contact  with  the  gas- 
mains  or  large  water-pipes  in  the  streets ;  and,  indeed,  sucb  a 
connection  is  absolutely  necessary,  if  gas  or  water-pipes  are 
within  the  housa  Electricity,  by  what  is  called  induction,  acts 
at  a  distance  on  the  perpendicular  gas-pipes  within  a  house,  ren- 
dering them  so  highly  negative,  the  cloud  being  positive,  as  to 
attract  the  electricity  from  a  lightning-rod  impenectly  coimected 
with  the  earth,  or  even  from  the  air  through  the  roof.  Dami^e 
to  buildings  on  this  account  is  of  constant  occurrence.  The 
above  connection  can  be  made  by  soldering  to  the  end  of  the 
rod  a  strip  of  copper,  which,  after  being  wrapped  several  times 
around  the  pipe,  is  permanently  attached  to  it  Where  a  con- 
nection with  the  ground  cannot  be  formed  in  the  way  men- 
tioned, the  rod  should  terminate,  if  possible,  in  a  well,  always 
containing  water ;  and,  where  this  arrangement  is  not  practica- 
ble, it  should  terminate  in  a  plate  of  iron  or  some  other  metal 
buried  in  the  moist  ground.  It  should,  before  it  descends  to 
the  earth,  be  bent,  so  as  to  pass  ofif  nearly  at  right  angles  to  the 
side  of  the  house,  and  be  buried  in  a  trench,  surrounded  with 
powdered  charcoal 

8th.  The  rod  should  be  placed,  in  preference,  on  the  west  side 
of  the  house,  in  this  latituae,  and  especially  on  the  chimney 
fix)m  which  a  current  of  heated  air  ascends  during  the  summer 
season. 

9th.  In  case  of  a  small  house,  a  single  rod  may  suflSce,  pro- 
vided its  point  be  suflSciently  high  aoove  the  roof;  the  rule 
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being  observed,  tbat  its  elevation  should  be  at  least  half  of  the 
distance  to  which  its  protection  is  expected  to  extend.  It  is 
safer,  however,  particularly  in  modem  houses,  in  which  a  lai^e 
amount  of  iron  enters  into  the  construction,  to  make  the  dis- 
tance between  two  rods  less  than  this  rule  would  indicate, 
rather  than  mora  Indeed,  we  see  no  objection  to  an  indefinite 
multiplication  of  rods  to  a  house,  provided  they  are  all  propcriy 
connected  with  the  ground  and  with  each  other.  A  Duildinff 
entirelv  inclosed,  as  it  were,  in  a  case  of  iron  rods  so  connected 
with  the  earth,  would  be  safe  from  the  direct  action  of  tlie  light- 
ning. 

10th.  When  a  house  is  covered  by  a  metallic  roo^  the  latter 
should  be  united,  in  ^ood  metallic  connection,  with  the  l^ht- 
ning  rods ;  and  in  this  case  the  perpendicular  pipes  conveying 
the  water  from  the  gutters  at  the  eaves  may  be  inade  to  act  the 
part  of  rods,  by  soldering  strins  of  copper  to  the  metal  roof  and 
pipes  above,  and  connecting  them  with  the  earth  by  plates  of 
metal  united  by  similar  strips  of  copper  to  their  lower  ends: 
or,  better,  with  the  gas  or  water-pipes  of  the  city.  In  this  case, 
however,  the  chimneys  would  be  unprotected,  and  copper  light- 
ning-rods, soldered  to  the  roof  and  rising  a  few  &et  above 
the  chimney.^,  would  suffice  to  receive  the  dischai^a  We  say 
soldered  to  the  roof,  because,  if  the  contact  was  not  very  per- 
fect, a  greater  intensity  of  action  would  take  place  at  tfaia  point, 
and  the  metal  might  be  burnt  through  by  the  discharge,  par- 
ticularly if  it  were  thin. 

lltb.  As  a  general  rule,  large  masses  of  metal  within  the 
building,  particularly  those  which  haveperpendicular  elevation, 
ought  to  be  connected  with  the  rod.  The  main  portion  of  the 
great  building  erected  for  the  World's  Exhibition  at  Paris  was 
entirely  surrounded  by  a  rod  of  iron,  from  which  rose  at  inter- 
vals a  series  of  lightning-conductors,  the  whole  system  being 
connected  with  the  earth  by  means  of  four  wells,  one  at  eacn 
corner  of  the  edifice. 

The  foregoing  rules  may  serve  as  general  guides  for  the  erec- 
tion of  lightning-rods  on  ordinary  buildings,  but  for  the  protec- 
tion of  a  large  complex  structure,  consisting  of  several  parts,  a 
special  survey  should  be  made,  and  the  best  form  of  protection 
devised  which  the  peculiar  circumstances  of  the  case  will 
admit 
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Abt.  XLVL — The  Paragenesis  arid  Derivation  of  Copper  and  its 
OMociiUes  on  Lake  Superior  ;  by  Baphael  r umpelly. 

[Continued  fh>m  pages  188  and  268.] 

Chalcocitej  Bomite,  Whiineyite,  Domeykite. — Two  fissure- veins 
are  known  in  the  neighborhood  of  Portage  Lake  which  carry 
these  ores.  They  have  been  examined  onlv  very  superficiaUy; 
but  it  is  a  remarkable  fact  that  the  amygdaloidfs  traversed  by 
these  veins  contain  onlv  native  copper.  One  of  the  fissure- 
veins,  bearing  both  sulpnides  and  arsenides  of  copper,  enters  the 
Grand  Portage  cupriferous  amygdaloid  bed,  which  bears  only 
native  copper,  and  remains  in  it  with  a  changed  direction  for  a 
short  distance.  The  gangue  of  these  veins  is  quartz,  calcite 
and  a  carbonate  of  lime  containing  some  iron  and  magnesia — 
ankerite? 

The  only  other  instance  I  have  observed  of  the  occurrence  of 
copper  in  combination  with  sulphur,  is  in  the  fissure-vein  of 
the  Mendota  property,  near  Lac  la  Belle.  This  vein  appears  to 
txaverse  the  entire  trappean  series  from  Agate  Harbor  on  the 
north  to  Lac  la  Bella 

Wherever  this  vein  has  been  opened  or  uncovered,  along  the 
greater  part  of  its  course,  north  of  the  Mendota  property,  only 
native  copper  has  been  found ;  but  when  it  enters  a  bed  of  con- 
glomerate on  the  north  flank  of  Mt  Bohemia,  the  little  copper 
it  contains  is  combined  with  sulphur  in  a  very  pure  chalcocite. 
Where  the  vein  passed  firom  the  conglomerate  into  the  underly- 
ing amygdaloid,  a  fine  deposit  of  chalcocite  with  calcite  was 
found  to  have  been  formed,  for  a  short  distance,  on  both  sides 
of  the  vein,  between  the  two  beda 

Still  &rther  south  the  vein  enters  a  mass  of  syenite,  consist- 
ing of  a  pink  triclinic  feldspar,  some  hornblende  and  much 
chlorite,  as  an  alteration-product  of  hornblende,  and  containing 
frequent  impregnations  of  chalcopyrite,  bomite,  and,  more 
rarely,  chalcocite.  In  this  syenite  the  vein  and  its  many  feed- 
ers carry  bomite  and  considerable  Quantities  of  a  bluish  sul- 
phuret  of  copper,  in  sheets  J^  to  f  incn  thick,  which  has  a  very 
crystalline  structure  and  exhibits  octahedral  cleavage.* 

Near  the  contact  between  the  syenite  and  trap  the  latter  rock 
is  impregnated  with  magnetite,  specular-iron,  cnalcopyrite  and 
bomite.  Excepting  the  syenite,  wherever  copper  is  found  in 
the  traps  and  amy^aloids  on  the  Mendota  properly,  it  is  in  the 
metallic  state.  The  occurrence  of  the  sulphides  andf  arsenides  of 
copper  in  this  isolated  manner  and  in  fissure-veins  traversing 

^  Prof.  Cooke,  after  a  caeaal  examinadon  of  this  miiMral,  suggests  that  it  is 
probablj  a  pseudomorph  of  ohalcocite  after  cuprite. 
Aju.  Joue.  Sgl— Thied  Sbbtis,  Vol.  II,  No.  II.— Not,,  1871. 
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rocks  more  or  less  impregnated  with  metallic  copper,  seems  to 
show  a  diversity  of  origin  for  the  sulphur  and  arsenic  on  the  one 
hand,  and  the  copper  on  the  other.  It  does  not  seem  unreason- 
able to  suppose  tne  copper  to  have  entered  the  vein-fissure  from 
the  adjoining  rocks  in  solution,  as  carbonate,  sulphate  or  sili- 
cate, and  to  have  been  then  precipitated  by  sulphureted  hydro- 
gen and  arseniureted  hydrogen  respectively.  Or  the  copper 
may  have  been  deposited  in  these  as  m  the  other  veins,  in  the 
metallic  state,  and  nave  been  subsequently  changed  by  the  same 
gases.  In  the  case  of  the  pseudomorphous  chalcocite,  where 
the  Mendota  vein  traverses  syenite,  cuprite  must  have  been 
formed  by  the  oxydation  of  chalcocite  or  of  native  copper,  and 
the  oxide  must  have  been  subsequently  decomposed  by  sulphu- 
reted hydrogen. 

The  Huronian  formation,  which  probably  underlies  all  this 
region,  contains  in  its  upper  members  large  amounts  of  carbon- 
aceous matter  in  the  form  of  graphite;  the  gases  may  have  orig- 
inated in  a  reduction  of  sulphates  and  arseniates  by  the  carb(» 
of  these  bed& 

Among  the  pebbles  in  the  Calumet  conglomerate  there  is  t 
variety  of  c^uartz  porphyry,  with  a  brown,  compact,  almost 
jaspery  matnx,  which  only  glazes  slightly  before  the  blow- 
pipe. "  In  this  paste,  there  are  numerous  grains  of  dark  qoaitc 
f',-^  inch  in  diameter,  and  ofVen  more  frequent  crystels  of 
flesh-red  feldspar,  apparently  orthoclase, — j\  to  ^-g  inches  in 
length. 

It  not  rarely  happens,  that  in  these  flesh-red  crystals  there 
appear  dirty  green  portions  exhibiting  the  twine  striation  of  a 
triclinic  variety.  The  feldspar  is  hard  and  brilliant,  but  is 
nevertheless  no  longer  intact;  under  the  glass  the  crystals  ap- 
pear cavernous,  10  per  cent  or  more  of  the  substance  being 
gone.  This  is  the  character  of  this  porphyry  in  the  freshest 
pebbles. 

I  have  before  me  a  pebble  4  inches  in  diameter,  broken 
through  the  middle.  It  was  the  same  variety  of  porphyry  I 
have  just  described — the  same  brown  matrix,  with  the  same 
grains  of  quartz,  and  the  same  large  crystals  of  orthoclase. 
often  enclosing  crystals  of  triclinic  feldspar.  But  this  pebble 
carries  on  its  face  the  history  of  an  extreme  change.  In  the 
interior,  where  it  is  freshest,  the  matrix,  still  of  the  same  brown 
color,  has  become  so  soft  as  to  be  easily  scratched  with  the 
point  of  a  needle.  The  quartz  gi-ains  are  highly  fissured,  and 
the  surfaces  of  the  fissures  are  covered  with  a  soft  light-green 
magnesian  mineral.  The  feldspar,  although  it  still  resists  the 
point  of  the  stool  noodlo,  lias  gonorally  lost  its  glance,  and  ha5 
an  almost  earthy  fracture ;  it  is  lighter  colored,  and  tends  to 
spottod  dirty-rod  and  white.     In  places,  specks  of  chlorite  arc 
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visible  in  the  holes  in  the  altered  feldspar,  and  the  cleavage 
planes  often  glisten  with  flakes  of  copper.  As  we  go  fnrther 
m>m  the  middle  of  the  specimen  toward  the  original  surface  of 
the  pebble,  the  matrix  becomes  much  softer,  though  still  with 
brown  color  and  brown  streak,  and  then  changes  to  a  soft  green 
chloritic  mineral,  which  whitens  before  the  blow-pipe,  and  fuses 
on  the  edges  to  a  grey  glass.  A  little  further  from  the  center 
there  is  no  longer  a  trace  of  the  porphyry  matrix :  it  is  altered 
wholly  to  chlorite.  The  feldspar  crystals  are  somewhat  more 
altered  here  than  they  are  in  the  middle  of  the  pebble,  but  the 
quartz  grains  seem  to  have  been  in  part  replaced  by  chlorite. 
The  change  to  chlorite  is  accompanied  throughout  by  the  pres- 
ence of  a  large  amount  of  copper.  While  in  the  interior  of  the 
pebble,  the  flakes  of  copper  are  confined  to  the  cleavage  planes 
of  the  feldspar,  and  the  porphyry  matrix  exhibits  scarcely  a 
trace  of  the  metal,  the  chlonte  which  has  replaced  the  matrix 
contains  in  different  parts  of  the  specimen  from  10  to  60  per 
cent,  by  weight,  of  copper. 

In  another  pebble  of  the  same  porphyry,  not  only  is  the  ori- 
ginal matrix  gone,  but  the  usurping  chlorite  has  been  almost, 
if  not  wholly,  replaced  by  copper ;  and  we  have  as  the  remark- 
able result  a  quartz-porphyry,  whose  crystals  of  feldspar  and 
grains  of  quartz  lie  in  a  matrix  of  metallic  copper.  There  is 
still  a  very  small  amount  of  chlorite  present,  but  it  seems  to 
have  come  from  the  change  of  the  feldspar  crystals  and  quartz 
grains. 

In  other  pebbles  of  the  same  quartz-porphyry,  containing, 
perhaps,  less  quartz,  the  alteration  seems  to  have  taken  a  some- 
what different  direction,  or  at  least,  the  result  before  us  is  dif- 
ferent In  the  interior  of  the  pebble,  the  matrix  is  of  a  darker 
and  dirtier  brown  than  in  the  previous  cases,  which  may  be 
due  to  the  presence  of  manganese  in  the  alteration  product 
Goinff  from  tne  middle,  the  brown  color  changes  rather  abruptly 
to  a  airty  greenish-gray ;  the  material  also  becomes  softer,  but 
it  is  earthy,  with  an  earthy  odor,  and  gritty  to  the  toucL  The 
change  seems  here  to  be  in  the  direction  of  kaolinization. 

The  entire  pebble  is  permeated  with  minute  shining  threads 
and  plates  of  carbonate  of  lime.  The  lighter-colored  portion 
contains  considerable  copper,  while  nearer  the  surface  of  the 
pebble  it  is  largely  repla(^  by  that  metaL  Pebbles  showing 
the  various  alterations  described  above  are  by  no  means  rare. 
Many  of  them,  from  1  inch  to  1  foot  in  diameter,  are  found 
every  day. 

IIL    Qmclttsions. 

We  may  be  permitted  to  draw  a  few  conclusions  from  the 
fiwts  brought  out  in  the  observatioos  thrown  together  in  the 
foregoing  pages. 
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I.  The  Chlorite  of  the  melaphyr,  and  consequently  the  dis- 
tinctive character  of  that  rock,  is  due  to  the  alteration  of  horn- 
blende or  p3rroxene.  This  seems  to  have  been  the  first  step 
toward  the  production  of  melaph^  proper.  Latmumtite^  whicn 
we  find  alike  in  the  beds  containing  the  least  and  in  those  con- 
taining the  most  chlorite,  and  occurring  both  dififused  and  con- 
centrated in  seams,  appears  to  have  been  formed  either  contem- 
poraneously with  the  chlorite,  or  as  the  next  step  in  tlie 
process. 

The  next  step  appears  to  have  been  the  individualization,  in 
amygdaloidal  cavities,  of  non-cUkaline  ailiccUea^  viz :  laumontik^ 
pre/in ite,  epidoie  respectively,  according  as  the  conditions  iavored 
the  formation  of  one  or  the  other  of  mese. 

Following  these  came  the  individualization  of  quartz  in  these 
cavities. 

Perhaps  we  may  be  warranted  in  considering  these  minerals, 
together  with  the  lime  of  the  calcite  that  more  rarely  occurs  in 
this  portion  of  the  series,  as  chiefiy  due  to  the  decomposition  of 
the  pyroxenic  ingredient  of  the  rock. 

So  far  as  we  may  infer  from  the  tabulated  results,  the  con- 
centration of  copper  in  the  amygdaloidal  cavities  does  not  ap- 
pear to  have  begun  till  after  the  formation  of  the  quartz. 

In  this  part  of  the  series  falls  also  the  formation  of  a  chloritic 
or  green-earth  mineral,  which  in  some  manner  has  displaced 
prehnite,  quartz,  calcite,  and  with  which  copper,  when  present, 
appears  to  stand  in  intimate  relation.  Subsequently  to  this 
came  the  individualization  of  the  alkaline  silicates,  viz:  anal- 
cite,  apophyllite,  orthoclase.  Here  also  seems  to  belong  the 
formation  of  datolite. 

The  alkaline  silicates  represent  the  period  of  decomposition 
of  the  labradorite  ingredient  of  the  original  rock,  and  when 
they  occur  in  the  mass  of  the  rock  (as  distinguished  from  veins), 
it  is  only  where  the  alteration  of  the  rock  has  proceeded  so  fiir, 
that  the  amygdaloidal  form  has  merged  into  the  brecciated 
through  the  enlargement  and  union  of  the  cavities. 

The  fact  that  calcite  occurs  at  almost  every  step  in  the  pan- 
genetic  series,  and  forms  one  of  the  most  common  of  the  second- 
ary minerals,  is  proof  that  carbonic  acid  was  very  generaDj 
present  throughout  the  whole  period  of  metamorphism  ;  it  wi 
probably  the  chief  mediating  agent  in  the  processes,  without  be- 
mg  sufficiently  abundant  to  prevent  the  formation  of  silicatea 

II.  The  change  of  pyroxene  to  chlorite,  as  illustrated  on  an 
immense  scale  in  the  formation  of  the  melaphyr,  and  the 
displacement  of  feldspar  and  quartz — quartz-porphyry — by 
chlorite  as  exhibited  in  pebbles  of  the  conglomerate,  point  to 
an  extremely  important  line  of  investigation  for  the  chemical 
geologist     The  alteration  of  the  pebbles  appears  to  have  fol- 
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lowed  two  diflferent  directions  according  to  the  ruling  condi- 
tions, viz  :  either  toward  chlorite  or  toward  kaolinization ;  and 
as  the  result  of  the  latter  process  is  impr^nated  with  cisdcite 
while  the  result  of  the  former  is  free  from  carbonates,  it  would 
seem  that  the  direction  was  determined  by  the  presence  or  re- 
lative freedom  from  free  carbonic  acid.  The  deposition  of  cal- 
cite,  if  formed  ftoxn,  the  acid  carbonate,  would  set  free  sufl5cient 
carbonic  acid  to  prevent  the  formation  of  silicates  of  iron  and 
magnesia. 

UL  Copper^  wherever  we  can  detect  it  with  the  eye,  has 
already  gone  through  a  partial  concentration.  The  presence 
of  this  metal  in  mmute  quantity  in  the  sandstones  of  Lake 
Superior,  is  made  evident  by  the  stains  of  carbonate  which 
form  on  the  cliffs  of  the  "  Pictured  Bocks."  It  is  found  here 
and  there  in  the  less  amygdaloidal  melaphyr  in  minute  specks 
and  impregnations,  or  even  in  a  more  concentrated  form  as  thin 
sheets  occupying  the  joint- cracks. 

These  occurrences  increase  in  frequency  in  proportion  as  the 
rock  is  more  amygdaloidal ;  in  other  words,  the  copper  is  more 
concentrated  in  those  portions  of  the  beds  where  tne  chemical 
change  has  been  greatest  Where  the  rock  has  not  passed  be- 
yond the  strictly  amygdaloidal  stage,  the  copper  occurs  in  the 
amygdules  traversing  these  in  flakes,  or  coating  them  in  a  film  of 
greater  or  less  thickness,  to  such  an  extent  as  to  form  from  \  per 
cent  to  8  per  cent  by  weight  of  the  rock  over  considerable  areas. 
Finally,  in  those  beds  where  the  metamorphism  has  proceeded 
to  such  an  extent  as  to  wholly  replace  large  portions  of  the 
amygdaloid  by  secondary  minerals,  epidote,  calcite,  quartz, 
chlorite,  laumontite,  etc.,  there  the  copper  occurs  in  masses  of 
many  pounds,  and  sometimes  of  several  tons  weight,  and  in 
forms  equalled  in  their  irregularity  only  by  those  of  the  masses 
of  secondary  minerals  accompanying  the  metal. 

In  each  and  all  of  these  positions  we  find  that  the  deposition  of 
the  copper  took  place  subsequently  to  the  decomposition  and 
removal  of  a  portion  of  the  rocks,  and  subsequently  to  the  de- 
position of  laumontite,  epidote,  prehnite,  and  quartz,  where 
these  accompany  it 

In  all  this  we  have  direct  evidence  of  the  movement  of 
some  salt  of  copper  in  wet  solution,  and  the  concentration  of 
the  metal  by  accumulating  deposition  in  places  where  the  preci- 
pitating agent  existed. 

The  Quebec  group,  to  which  these  rocks  belong,  and  which 
consist  in  various  places  of  undoubted  sedimentary  strata  ex- 
hibiting every  degree  of  metamorphism,  is  as  strongly  charac- 
terized oy  copper  as  the  Galena  limestone  is  by  lead. 

Except  in  tne  melaphyrs  of  Lake  Superior,  the  copper,  so 
widely  diffused  in  the  strata  of  the  Quebec  group,  exists  either 
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in  the  yarious  suphurets,  or  as  oxidation  products  of  these. 
Indeed  we  cannot  well  suppose  the  copper  to  nave  been  depoat- 
ed  in  submarine  formations  in  any  other  condition  than  as 
sulphuret  Nor  can  we  suppose  it  to  have  taken  any  other  fonn 
permanently,  so  long  as  unoxidized  organic  matter  remained 
m  the  beda  An  oxidation  of  the  sulphuret  would  be  followed 
by  reduction  of  the  resulting  sulphate  to  new  sulphur^ 
around  the  organic  remaina  In  this  way  we  may  suppose  the 
simplest  and  most  common  form  of  concentratea  depodts 
— the  impregnations — to  have  originated,  as  well  as  the  farther 
enrichment  of  particular  beds  or  zon^^—fahlhands — which  may 
represent  strata  which  were  originally  richer  in  organic  sub- 
stances, or  which  may  have  retained  these  longer  than  the  otha 
beds. 

The  trappean  series  of  Keweenaw  Point  differ  from  the  cene- 
ral  character  of  the  rocks  of  the  Quebec  group,  both  in  litholo- 
gical  constitution  and  in  having  the  copper  in  the  metallic  stateL 
It  is  still  an  open  question  whether  the  trap  which  formed  the 
parent  rock  of  the  melaphyr  was  an  eruptive  or  a  purely  meta- 
morphic  rock.  If  it  was  eruptive,  it  was  spread  over  the  bot- 
tom of  the  sea  in  beds  of  great  regularity,  and  with  intervals 
which  were  occupied  by  the  deposition  of  the  beds  of  conglo- 
merate and  sandstonea 

But  the  general  diffusion  of  copper  through  the  varied  pocIm 
of  the  Quebec  group,  speaks  for  a  marine  origin  for  the  metal 
in  these  traps.  It  should  seem  probable  that  the  copper  in  the 
melaphyrs  was  derived  by  concentration  from  the  wnole  thick- 
ness of  the  sedimentary  members  of  the  group,  including  the 
thousands  of  feet  of  sandstones,  conglomerates  and  shales 
which  overlie  the  melaphyrs  and  including  melaphyrs  also— 
and  especially,  if  these  are  purely  metamorphic. 

Among  the  most  interesting  questions  connected  with  the 
occurrence  of  the  copper,  are  those  touching  its  condition  pre- 
vious to  concentration  during  the  amygdaloidal  stage  of  meta- 
morjAism,  the  chemical  combination  by  which  this  concentra- 
tion was  effected,  and  the  character  of  the  precipitating  agent 

The  great  persistency  of  metallic  sulphurets  through  the 
usual  processes  of  metamorphism,  and  the  almost  universal 
association  of  sulphur  with  copper  in  crystalline  rocks,  renders 
it  perhaps  probnble  that  this  was  here  also  the  combination  in 
which  the  metal  was  diffused,  or  rather,  very  partially  concen- 
trated. Traces  of  sulphur  detected  by  Mr.  Hochstetter  in  the 
melaphyr  contiguous  to  the  Hecla  conglomerate  point  also  in 
this  direction,  considering  that  the  only  acids  generally  present 
in  the  melaphyrs  arc  silicic  and  carbonic  acids,  and  if  we  add 
sulphuric  acid  as  an  oxidation  product  of  the  sulphurets,  our 
choice  of  the  form  of  solution,  by  which  the  final  concentration 
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was  effected,  should  seem  to  be  limited  to  silicates,  carbonates, 
and  sulphates  of  copper.  Probably  all  of  these  combina- 
tions tooK  part  in  the  process,  but  while  we  may  consider  the 
translocation  of  the  copper  to  have  been  initiated  by  the  sul- 
phate, this  salt  must  nave  been  so  soon  decomposed  by  the 
abundant  acid  carbonate  of  lime^  as  well  as  by  the  alkaline  sili- 
cates, that  we  cannot  readily  suppose  the  sulphatef  to  have 
l^enerally  effected  the  final  concentration  of  large  deposits.  It 
IB  more  probable  that  this  was  accomplished  by  the  more  per- 
manent solutions  of  carbonate  and  silicate  of  copper  respectively, 
as  the  circumstances  &vored.  The  position  of  the  metaUic 
copper  in  the  para^enetic  series  shows  it  to  have  been  deposited 
after  the  non-alkaline  silicates,  and  before  the  formation  of  the 
alkaline  silicates,  I  e.,  after  those  minerals  which  resulted  from 
the  decomposition  of  the  pyroxenic  constituent  of  the  rock, 
and  before  those  which  were  formed  by  the  destruction  of  the 
feldspar.  Now  this  is  what  we  should  expect  if  we  suppose  the 
pyroxenic  rock  to  have  been  altered  to  its  present  condition 
under  the  cooperation  of  water  carrying  carbonic  acid  and  some 
free  oxygen,  because  the  oxygen  must  have  been  employed  in 
oxidizing  the  carbonate  of  iron  resulting  from  the  decomposi- 
tion of  the  pyroxene  ;J  the  oxidation  of  the  sulphuret  of  cop- 

r  could  not,  therefore,  take  place  until  the  pyroxene  had  so 
disappeared  as  to  leave  a  relative  excess  of  oxygen  as  com- 
pared with  the  amount  of  ferrous  salts  exposed  to  a  higher  oxi- 
dation. Throughout  its  deposits  the  copper  exhibits  a  decid- 
edly intimate  connection  witn  delessite,  epidote  and  green-earth 
silicates,  containing  a  considerable  percentage  of  peroxide  of 
iron  as  a  more  or  less  essential  constituent ;  while  among  the 
other  silicates,  viz:  analcite,  laumontite,  datolite,  prehnite, 
only  the  last  named,  which  alone  seems  subject  to  a  consider- 
able replacement  of  its  alumina  by  ferric  oxide,  is  especially 
fitvored  by  copper.  This  association  is  so  invariable  and  so 
intimate  that  one  is  forced  to  the  conclusion  that  there  exists  a 
close  genetic  relation  between  the  metallic  state  of  the  copper 
and  the  feme  condition  of  the  iron  oxide  in  the  associated  sili- 
cates; that  the  higher  oxidation  of  the  iron  was  effected 
through  the  reduction  of  the  oxide  of  copper  and  at  the  expense 
of  the  oxygen  of  the  latter. 

As  regards  the  ^een-earth  and  that  variety  of  chlorite  or  del- 
essite which  is  intimately  associated  with  the  copper,  they  either 
immediately  follow  the  copper  in  point  of  age  or  are  contempo- 

*  A  coating  of  gjpsum  ooyering  yery  thin  nheets  of  copper  from  the  jointing- 
enck»  of  the  melaphjr  contiguous  to  the  Heda  conglomerate,  maj  be  due  to  thii 
daoomposition,  followed  bj  the  reduction  of  the  copper. 

J  Compare  Biachof  Chem.  u.  Phys.  Greol.,  I,  p.  52,  and  III,  p.  716. 
The  result  of  this  oxidation  is  seen  in  the  brick-red  color  of  the  amjgdaloids 
in  the  brown  color  and  spots  of  many  of  the  melaphyr  beds. 
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raneous  with  it,  and  they  may  be  looked  upon  as  having  be^ 
formed  under  the  influence  of  this  reduction.  Where  copper 
is  associated  with  prehnite  it  is  invariably  younger  than  the  lit- 
ter, a  fact  which  would  seem  at  the  first  glance  to  oppose  the 
supposition  that  there  is  any  relation  between  the  peroxide  of 
iron  in  the  zeolite  and  the  deposition  of  the  copper.  But  we 
have  seen  that  prehnite  undergoes  a  change  to  delessite;  we 
find  these  pseudomorphs  in  every  stage  of  the  process  from  the 
first  green  discoloration  on  the  cleavage  planes  to  the  amygdule 
of  delessite  with  prehnite  structure.  Now  may  we  not  consider 
the  presence  of  iron  in  prehnite  generally  to  be  due  to  a  begin- 
ning change,  and  the  deposition  of  native  copper  in  the  Lake 
Superior  prehnites  to  be  partially  or  wholly  correlated  with  the 
higner  oxidation  of  the  iron  ?  in  at  least  very  many  instances, 
if  not  in  all,  the  deposition  of  the  copper  has  been  a  result  of  a 
process  of  displacement  of  preexisting  minerals.  In  some  rare 
instances  the  metal  retains  tne  form  of  its  more  or  less  remote 
predecessor,  as  in  the  pseudomorphs  after  some  mineral  (clay?) 
after  laumontita 

Nowhere  is  this  displacement  more  apparent  than  in  the  cu- 
priferous conglomeratea  In  these  the  cement  is  the  home  of  the 
metal,  and  in  some  places,  as  in  portions  of  the  Hecla  and  Cal- 
umet mines,  it  is  wholly  replacea  by  it ;  copper  forming  20  to 
50  per  cent,  by  weight,  of  the  rock.  In  these  instances  eitho' 
chlorite  or  epidote  is  associated  with  the  copper  as  minerals 
formed  since  the  deposition  of  the  conglomerate,  while  calcite 
very  frequently  replaces  the  cement  in  barren  portions  of  the  bed 

l^he  cement  of  the  conglomerates  is  of  the  same  materials  as 
the  pebbles  in  a  more  comminuted  form.  The  displacement  of 
the  whole  mass  of  quartz  porphyry  in  large  pebble  by  chlorite  and 
copper  described  Jibove,  is  probably  an  illustration  of  the  manner 
in  which  the  cement  was  displaced  on  a  more  extended  scale. 

The  absence  of  the  ores  of  the  baser  metals — lead.  zinc, 
nickel,  etc.,  from  the  deposits  of  the  trappean  series,  while  thej 
are  present  in  the  less  metamorphosed  rocks  of  the  Quebec 
group  in  other  localities,  may  be  due  to  the  greater  intensity  of 
the  chemical  action  to  which  the  melaphyrs  have  been  subjec- 
ted ;  an  intensity  which  may  be  measured  by  the  extent  to 
which  the  process  of  concentration  has  been  carried.  Concen- 
tration is  a  process  of  removal  relatively  speaking,  and  concen- 
trated deposits  are  accumulated  masses  of  material  an*ested  in 
the  drainage  channels  of  rock  masses  by  the  action  of  coni[)e- 
tent  forces ;  if  the  arresting  cause  is  absent  from  a  given  region, 
the  removal  will  continue  to  another  where  it  is  present.  It 
causes  exist  which  are  able  to  arrest  one  class  of  the  substances 
in  the  passing  solution,  and  are  powerless  as  regards  another 
class,  then  a  separation  will  occur  between  the  two  classes. 


H,  MorUm  wi  the  color  of  Flvoreacent  solutions,  866 

Now,  copper  and  silver  belong  to  a  class  distinct  from  the 
baser  metals  in  tiiat,  by  reason  of  their  smaller  affinity  for  oxy- 
gen, they  are  more  readily  reduced  to  the  metallic  state,  the 
condition  of  greatest  permanence  in  presence  of  the  \isual  rea- 

SntB  to  which  they  are  exposed.  If  the  arresting  cause  of 
ese  metals  was,  as  we  have  supposed,  their  reduction  by  pro- 
toxide of  iron,  it  is  a  cause  whicn  would  have  been  poweness 
as  regards  the  salts  of  the  baser  metals,  and  we  may  suppose 
these  to  have  continued  in  solution  till  they  reachea  some  re- 
gion where  they  were  arrested  by  the  presence  of  organic  mat- 
ter, or  of  sulphureted  hydrogen,  etc. 


Art.  "^TiVil. — Observations  on  the  color  of  Fluorescent  solu- 
tions— ^No.  n ;  by  BLknry  Mortok,  Ph.D.,  President  of  the 
Stevens  Institute  of  Technology. 

Since  the  publication  of  my  article  on  the  above  subject,  in 
the  August  number  of  this  Journal,  I  have  discovered  a  curi- 
ous action  which,  while  it  in  no  respect  affects  my  general  con- 
dosions,  nor  the  main  observations  on  which  they  were  founded, 
throws  out  one  of  the  corroborative  experiments  by  which  I 
thought  that  they  might  be  established  when  a  spectroscope 
was  not  at  hand. 

Obtaining  some  very  anomalous  results  of  late,  I  was  led  to 
mistrust  the  action  of  the  Geissler  tubes  in  which  the  solutions 
had  been  examined. 

They  were  of  the  ordinary  kind  of  jacketed  spirals,  selected 
as  being  nearly  identical  in  size  and  other  particulars. 

It  had  been  observed  from  the  first  that  the  internal  spiral 
cave  a  faint  blue  fluorescence  which  could  only  be  seen  on  close 
mspection ;  and  in  all  cases,  the  tube  being  but  partly  filled,  it 
was  considered  that  a  light  appearing  in  the  part  covered  by 
the  fluid,  manv  times  more  bright  than  that  from  the  uncovered 
part  of  the  spiral,  was  sufficient  evidence  of  fluorescence  in  the 
umiid. 

Xate  experiments  have,  however,  proved  that  this  was  not  so. 
Any  liquid,  however  devoid  of  fluorescent  properties,  gives  all 
the  appearance  of  fluorescing  in  these  tubes,  and  on  a  little 
thougnt  the  cause  of  this  became  clear. 

The  only  fluorescent  light  that  can  be  seen  from  the  glass  of 
the  spiral  is  that  which  comes  off  tangentially  from  the  outer 
sarface,  that  emitted  radially  being  marked  by  the  bright  elec- 
tric discharge  behind. 

In  passing  from  the  glass  to  air,  most  of  the  light  will  suffer 
total  reflection  at  the  outer  surface  of  the  glass,  but  if  water  or 
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any  other  liquid  is  substituted  for  the  air,  its  greater  refracting 
power  (approaching  that  of  glass)  will  diminish  the  aboTe 
named  action,  so  that  much  more  of  the  light  will  reach  the 
eya  The  truth  of  this  explanation  was  supported  by  the  ob- 
servation that  the  nearer  the  index  of  refraction  in  the  liquid 
came  to  that  of  glass,  the  brighter  was  the  light  seen  throodi 
it,  while  a  liquid  of  higher  refraction,  like  carbon  bisulphida, 
seemed  a  little  to  weaken  the  effect  by  diffusion. 

This  fact  renders  of  no  account  the  observations  before  made 
on  filtered  and  diluted  solutions  of  turmeric,  but  a  fresh  obser 
vation  with  the  spectroscope  on  tubes  free  from  fluoresceDoe 
has  fiilly  confirmed  my  former  conclusions  as  to  the  true  color 
of  fluorescence  in  this  liquid. 

No  correction  need  be  applied  to  the  description  already 
published  in  the  case  of  the  asphalt  solution,  but  I  may  add  to 
what  was  there  stated  another  striking  example. 

If  one  of  the  little  Qeissler  tubes  containing  nitrogen,  called 
"spectrum  tubes,"  be  jacketed  by  means  of  a  perforated  cork 
ana  a  large  glass  tube,  and  the  jacket  filled  with  pure  or  non- 
fluorescent  benzine,  then  illuminating  the  tube,  and  with  a 
pipette  dropping  in  that  petroleum  product  called  "  cosmoline " 
(a  lubricatmg  oil  made  by  £.  H.  Houghton,  of  Philadelphii)^ 
each  drop  will  appear  of  a  rich  blue  as  it  dissolves  in  the  ben- 
zine, which  soon  acquires  a  magnificent  blue  fluorescence.  In- 
creasing, however,  the  quantity  of  cosmoline  oil  until  its  coIot 
begins  to  take  effect,  the  tint  of  the  fluorescence  gradually 
changes  to  a  rich  green. 

By  a  little  care  a  blue  solution  may  be  superposed  on  a  green 
one  in  the  same  tuba 

Another  semi-solid  preparation  of  cosmoline,  which  has  a  very 
light  color,  gives  a  solution  with  benzine  fluorescing  of  a  mag- 
nificent blue. 

I  have  this  substance  now  under  investigation,  and  hope 
soon  to  be  able  to  make  some  further  observations  upon  it* 

Returning  to  the  solutions  of  turmeric,  I  have  found  that  the 
fluorescent  body  in  that  substance  is  not  its  essential  oil  nor  its 
brown  coloring  matter,  but  either  the  yellow  coloring  matto" 
itself,  or  something  so  closely  allied  to  it  in  solubility  that  I 
have  thus  far  been  unable  to  effect  any  separation. 

In  connection  with  this,  let  me  sav  that  I  am  much  indebted  to 
Mr.  Robt  F.  Fairthorne,  of  Philadelphia,  who  has  aided  me 
greatly  in  the  preparation  of  the  various  constituents  of  turmeric 
in  a  state  of  purity. 

In  my  former  paper  I  mentioned  that  uranium  nitrate  in  so- 
lution gave  a  very  faint  fluorescence. 

*  Mr.  Houghton  tells  me  that  "coamoline  "  is  prepared  from  crude  petroleum  hj 
evaporatioD  in  vacuo  and  filtration  through  animal  charcoal  onlj,  without  any 
chemical  treatment 
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This  appearance  I  now  find  was  due  entirely  to  the  above 
explainea  action  of  the  tube,  and  a  number  of  carefully  con- 
ducted observations  now  convince  me  that  this  substance,  while 
it  fluoresces  so  vividly  in  the  solid  state,  loses  that  property  en- 
tirely when  in  solution. 

I  nave  also  found  that  a  saturated  solution  of  acid  quinine 
sulphate  has  its  fluorescence  much  increased  by  dilution. 

Lastly,  let  me  remark  thai  I  by  no  means  assert  that  all  solu- 
tions fluoresce  blue,  but  simply  those  which  I  have  examined. 
There  are  many  which  I  have  as  yet  been  unable  to  procure  or 
study,  whose  relations  in  this  respect  I  hope  soon  to  investigate. 


Abt.  XLVIIL — -fir/e/'  Ooniribuiions  to  Zoology  from  the  Afuseum 
of  Yale  College.  No.  XVL — O71  the  Distribution  of  Marine 
Animals  on  the  southern  coast  of  New  England;  by  A.  E. 
Vebbill. 

In  connection  with  the  investigations  concerning  the  fisheries 
under  the  direction  of  Professor  S.  F.  Baird,  U.  S.  Commis- 
sioner, thorough  explorations  of  the  adjacent  waters  were 
undertaken  in  order  to  ascertain  the  character  of  the  bottom, 
and  the  distribution  of  the  lower  animals,  especially  of  those 
that  furnish  food  for  certain  fishes.  The  Fish  Commission  had 
its  headquarters  at  Wood^s  Hole,  Mass.,  situated  on  the  point 
of  land  between  Vineyard  Sound  and  Buzzard's  Bay.  In  addi- 
tion to  the  shore  collections,  extensive  and  systematic  dredging 
operations  were  undertaken  by  means  of  a  steam-launch  in  the 
waters  of  Vineyard  Sound  and  Buzzard's  Bay,  and  by  the  aid 
of  a  U.  S.  Revenue  Cutter,  the  steamer  "  Moccasin,"  the  dredg- 
ings  were  carried  outward  to  the  deeper  parts  of  Muskeget 
Channel,  situated  off  Martha's  Vineyard,  and  from  thence  to  a 
point  off  the  mouth  of  Buzzard's  Bay.*  These  explorations 
were  made  by  means  of  dredges  of  several  different  sizes,  of  the 
usual  forms;*  a  rake-dredge  of  novel  construction,  especially 
adapted  to  soft  muddy  bottoms ;  an  iron  frame  to  which  un- 
raveled ropes,  or  "tangles,"  were  attached  for  use  on  rocky 
bottoms ;  a  large  trawl-net ;  surface  towing-nets  for  swimming 
creatures,  etcf  The  points  where  dredgings  were  made  were 
carefully  located  on  Coast  Survey  charts,  and  were  suflBciently 
numerous  to  give  a  satisfactory  knowledge  of  the  nature  of  the 
bottom  and  its  inhabitants  throughout  the  region  explored. 
The  total  number  of  hauls  of  the  dredges,  during  the  three 

^  The  dredgings  in  the  first  part  of  the  season  were  made  under  the  direction  of 
ICr.  S.  I.  Smith,  and  later  by  Professor  J.  E.  Todd.  Professor  A.  Hyatt,  Dr.  A.  a 
Padcard,  and  the  writer,  all  more  or  less  aided  at  various  times  by  other  naturalists, 
and  especially  by  Dr.  W.  G.  Farlow,  who  collected  the  algie. 

t  Some  of  thebe  instruments  will  be  described  in  a  future  number  of  this  Journal 
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months,  was  about  four  hundred.     The  surface  dredging  also 
yielded  many  things  of  great  interest  [i 

At  this  time  I  wish  to  call  the  attention  of  zodlogists  to  one 
of  the  most  important  of  the  results  of  these  investigatioBS, 
leaving  a  full  account  of  the  large  and  valuable  collections  for 
another  occasion.  The  discovery  referred  to  is  that  while  the 
shores  and  shallow  waters  of  the  bays  and  sounds,  as  far  as  Cape 
Cod,  are  occupied  chiefly  by  southern  forms,  or  the  Vimnian 
fauna,  the  deeper  channels  and  the  central  parts  of  Long  Ldand 
Sound,  ad  far  as  Stonington,  Conn.,  are  inhabited  almost  exch- 
sively  by  northern  forms,  or  an  extension  of  the  Acadian  &uni 

There  is  also  a  corresponding  diflference  in  the  temperature  of 
the  water,  the  change  in  some  cases  amounting  to  5®  F.,  both  at 
the  surface  and  bottom,  within  a  distance  of  two  miles  and  with- 
out much  change  in  the  depth.  And  consequently  there  xntiflt 
be  an  offshoot  of  the  arctic  current  setting  into  the  middle  of 
the  Sound,  although  the  shores  feel  the  influence  of  the  Gulf 
Stream,  as  shown  by  the  occurrence  of  southern  forms  of 
pelagic  animals  in  their  waters. 

The  shores  of  Buzzard's  Bay  and  Vineyard  Sound  present 
nearly  all  varieties  of  stations,  and  are,  therefore,  favorable  for 
collecting.  They  are  occupied,  except  on  some  of  the  outer 
islands,  by  an  assemblage  oi  animals  characteristic  of  the  coasts 
farther  south,  and  known  as  the  Virginian  fauruu  A  few 
northern  forms  occur,  however,  on  the  rocky  shores,  which  do 
not  extend  as  far  as  New  Haven.  Among  these  Purpura 
lapilliLs  is  most  conspicuous.  This  shell  is  associated  there  with 
Eurosalpinx  cinerey^  in  about  equal  numbers,  but  at  New  Ha- 
ven the  latter  occurs  alone,  while  on  the  northern  coasts  of  New 
England  the  Purpura  is  found  unaccompanied  by  the  other, 
which  is  rarely  found  north  of  Cape  Cod.  But  in  nearly  all 
other  respects  the  littoral  fauna  is  very  similar  to  that  of  the 
vicinity  of  New  Haven,  or  the  coasts  farther  south,  as  fiair  as 
Cape  Hatteras,  making  allowance  only  for  differences  in  the 
stations,  and  especially  for  the  absence  of  rocks  south  of  New 
York. 

In  Vineyard  Sound  and  Buzzard's  Bay  the  water  is  every- 
where shallow,  usually  from  3  to  8  fathoms  deep,  and  rareij 
exceeding  12  or  14  fathoms,  even  in  mid-channel.  In  Vine- 
yard Sound  the  bottom  is  generally  sandy,  and  extensive  reefs 
of  sliifliupr  sand  are  numerous,  and  often  nearly  destitute  of 
life.  But  extensive  regions  of  gmvelly  and  shelly  bottoms 
occur,  and  these  arc  often  almost  completely  covered  by  sev- 
eral species  of  compound  ascidians,  growing  in  large  masses. 
One  of  these,  which  forms  large  hemispherical  or  irregular 
masses,  made  up  of  an  aggregation  of  long  slender  colonies, 
united  together  at  their  bases  and   usually   thickly   covered 
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throughout  with  sand,  is  very  abundant,  often  entirely  filling 
the  dredge  with  masses  up  to  six  inches  in  diameter.     This  is 
the  Amouroucium  pellucidum  Verrill.     Another  one,  nearly  as 
abundant,  forms  smooth,  cartilaginous  masses  in  the  ibrm  of 
flat  lobes,  crests,  and  plates,  sometimes  two  feet  long  and  about 
an  inch  thick,  the  surface  covered  with  stellate  colonies,  while 
the  color  of  the  masses  is  of  a  delicate  bluish  or  sea-green  tint 
by  reflected  light,  although  yellow  by  transmitted  lignt     This 
is  Amouroucium  stellatum  V.,  described  with  the  last  in  a  for- 
mer number  of  this  Journal.     A  third  species*  of  the  same 
genus  is  also  common,  although  still  undescribed.     This  forms 
smooth  gelatinous  masses,  varving  bom  li^ht  orange  to  pale 
yellowish  in  color,  with  beautifully  stellated  colonies  over  its 
upper  surface.     With  these  were  several    simple    ascidians, 
chiefly  Cynthia  partita'f  Stimp.,  and  Molgula  Manhaitensis  V., 
while  creeping  over  them  was  a  beautiful  green  species  of  Pero- 
phora^X  which  is  the  first  representative  of  the  social  ascidians 
discovered  on  our  coast.     This  species  also  occurred  in  abun 
dance  on  the  piles  of  the  government  wharf  at  Wood's  Hole 
associated  witn  the  three  last  named.     In  the  interstices  of  A 
peHucidum  were  numerous  annelids  of  several  species,  and  grow 
ing  upon  or  with  the  ascidians  were  many  species  of  hydroids 
bryozoa,  and  sponges.     Among  the  sponges  a  massive  sulphur 
yellow  species  {Spongia  sulphurea  Desor)  is  very  conspicuous. 
While  young  this  species  perforates  and  destroys  dead  bivalve 
shells,  but  later  in  fife  grows  up  into  hemispherical  or  irregular 
masses.     Upon  the  same  bottoms  were  founa  the  common  south- 
em  greenisn  star-fish  {Asterias  arenicola)^  Amphwholis  elegansj 
GhnUdia  mactracea^  JSulima  oleracea  on  Thyone  hriareus^  Ana- 
Ms  avarOf   Oolumbella  lunata,   Cancer  irroratus^  Libinia  canal- 
iculata,    L.   duinaj   Eupagurus  poUicariSy   jK    Jongicarpus,   and 
many  other  less  common  species.     On  rocky  and  stony  bot- 
toms, and  especially  in  the  tide-way  of  the  channel  at  Wood's 

^  AmaunmciMm  conBteUatum,  sp.  nov.  Masses  thick,  turbinate,  often  encrusting, 
•uifaoe  usuaUy  convex,  smooth,  substance  firm,  gelatinous,  translucent,  but  softer 
than  in  A.  tUUaiitm,  Systems  stellate,  circular,  oval  or  elliptical,  often  elongated,  or 
irregular  an<i  complex.  Zooids  much  elongated,  slender,  the  branchial  tube  short 
with  six  ronuded  lobes.  Branchial  sac  elongated.  Color  of  the  masses  usuhIIj 
light  orange-red,  varying  to  yellowish  and  pale  flesh-color;  the  branchial  orifices 
with  six  radiating  white  lines.  Zooids  generally  orange-yellow ;  the  orifices  and 
tubes  with  upper  part  of  mantle  bright  orange,  or  lemon-yellow;  branchial  sac 
usually  flesb-color  or  pale  yellow,  sometimes  bright  orange;  stomach  with  bright 
ormnge-red  glandulflr  ribs ;  mantle  with  minute  opaque  white  specks. 

4  OynOda  tieU^a  V.  proves  to  be  a  depressed  variety  of  this  species. 

Z  lirophora  vtn'dM,  sp.  nov.  Individuals  small,  about  '10  to  '12  of  an  inch 
higii,  connected  by  slender  stolons,  and  thickly  covering  the  surfaces  over  which 
they  creep.  Test  compressed,  seen  fh>m  the  side  scarcely  higher  than  broad,  oval, 
•Uiptical,  or  subcircular,  often  one-sided  or  distorted,  with  a  short  pedicle  or  nub- 
sessile  at  base.  Branchial  orifice  large,  terminal ;  anal  lateral  or  subterminal,  both 
m  little  prominent,  with  about  16  angular  lobes,  alternately  larger  and  smaller. 
Test  transparent;  mantle  beautifully  reticulated  with  bright  yellowish  green; 
intestine  yellow. 
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Hole,  the  southern  purple  sea-urchin  {Schinocuiaris  punci!ulaia\ 
the  orange  star-fish  {Oribrella  8anguinolenta\  the  green  star-fisb, 
the  coral  {Astranaia  DanoR)^  and  many  other  interesting  specitt 
occurred.     All  the  species  referred  to,  excepting  the  widdy 
diffused  species  of  Oribrella  and  Ampkipholisj  are  either  chanc- 
teristic  southern  forms  or  else  species  that  are  not  yet  known 
except  from  the  region  explored.     Several  species  were  alflo 
obtained  in  Vineyard  Sound  which  had  not  previously  been 
found  so  far  northward.     Among  these  the  flat  sea-urchin  with 
five  perforations  {MeUita  pentapord)  is  especially  worthy  of  men- 
tion, as  it  has  hitherto  been  regarded  as  peculiar  to  the  Carolin- 
ian fauna.^     The  free-swimming  forms  taken  at  the  surface  in 
this  region  were  also  numerous,  and  are  likewise  chiefly  south- 
ern species,  or  if  new  they  belong  to  southern  types.     Among 
the  most  interesting  were  Salpa  Cabotii,  which  occurred  in  vast 
quantities  about  the  first  of  September,   and  was   found  in 
abundance  off  Qay  Head,  as  well  as  in  the  Sound ;  a  splendid 
species  of  Saphirina,  reflecting  brilliant  blue  and  red  colozs 
like  a  fire  opal,  which  occurred  mingled  with  the  Salpce;  a  new 
free-swimming  crab ;   Idotoea  robusta  Kr. ;   innumerable  young 
lobsters,  crabs,  and  shrimp,  in  the  zoea  and  m^alops  stages  of 
growth ;  numerous  jelly-fishes,  among  which  Mnemiopsis  Leidjfi 
was  perhaps  the  most  abundant,  but  a  species  of  Oyanea  and 
Dactylometra  quinqnecirra  were  common,  and  both  f^equendj 
gave  shelter   to  several  young  '* butter-fishes"  {Poronotut  tri- 
acayitlms)  of  all  sizes,  from  those  just  hatched  up  to  two  inches 
or  more  m  length.     In  some  cases  twenty  or  more  were  found 
togetlier  under  one  jelly-fish.     They  also  occurred,  in  the  even- 
ing, under  Zygodactyla  QroenJandica  earlier  in  the  season.     The 
**  Portnguese-man-of-war ''  (Physalia  arethusd)  was  met  with  sev- 
eral times.     Two  Pteropods  not  before  recorded  from  the  Uni- 
ted States  coast  were  obtained, — one  of  them  {StUioia  sp.)  hv- 
ing,  associated  with  Salpa;  but  of  the  other  {Cavolina  triden- 
lata)  the  shells  only  were  dredged,  but  in  a  very  fresh  condition. 
In  the  deeper  outer  channels,  as  between  Gay  Head  and  No- 
mans-land,  and  at  nearly  all  points  outside  of  the  latter,  where 
the  water  is  more  than  ten  fathoms  in  depth,  the  fauna  is  very 
difierent  fj-om  that  of  the  sounds  and  bays,  and  closely  resem- 
bles that  of  Massachusetts  Bay  and  the  coast  of  Maine.     The 
difference  in  the  temperature  of  the  water  is  also  well-marked 
The  surface  temperature,  during  the  latter  part  of  August,  was 
<t)9^  to  71^  in  Vineyard  Sound.     On  Sept  9th,  in  the  mouth  of 
Vineyard  Sound,  west  from  Gay  Head,  the  surface  temperature 
was  67°  F..  and  the  bottom,  in  loj  fathoms,  was  63°  ;  but  pro- 

*  This  and  Lyiechinus  variegatus  were  found  by  the  writer,  Mr.  S,  I.  Smith, 
and  Prof  J.  K  Todd  at  Great  K'^i;  Harbor,  X.  J.,  last  spring,  but  they  are  very 
rare  ui  that  locidity. 
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oeeding  about  two  miles  farther  out,  off  No-mans-land,  the  sur- 
ftce  temperature  was  62°,  and  the  bottom,  in  18  fathoms,  was 
68i°,  showing  a  decrease  of  6**  within  this  short  distance,  both 
at  the  surface  and  bottom.  A  few  miles  farther  out,  at  the 
Bame  depth,  the  bottom  temperature  was  67°,  which  was  the  low- 
est temperature  obtained.  A  short  distance  west  of  No-mans- 
land,  on  a  gravelly  bottom  in  11  fathoms,  where  cod-fish  are 
caught  in  winter,  the  temperature  was  68°  at  the  surface  and 
69°  at  the  bottom.  Off  the  mouth  of  Narragansett  Bay,  about 
sixteen  miles  south  from  Newport,  the  depth  over  a  limited  area 
is  29  fathoms,  which  was  the  deepest  water  found.  At  this 
locality  the  surface  temperature  was  62°  and  the  bottom  69°. 
The  l)ottom,  in  these  deeper  waters,  was  generally  composed  of 
soft  mud,  filled  with  innumerable  tubes  of  worms  and  Amphi- 
pod  Crustacea,  among  which  a  species  of  Ampelisca,  which 
makes  a  sofl  flabby  tube,  two  or  three  inches  long  and  covered 
with  mud,  is  extremely  abundant  At  the  last  named  locality 
numerous  specimens  of  the  rare  and  beautiful  ^izoanthusAmer- 
icanus  V.  was  found  coating  the  shells  inhabited  by  hermit-crabs 
(Eupagurus  Bemhardvs)  and  finaliv  absorbing  the  shells  en- 
tirety. This  remarkable  Actinian  nas  been  found  previously 
only  on  two  occasions, — first  on  a  deep  bank  off  the  coast  of 
New  Jersey,  by  Capt  Gedney ;  and  since  in  deep  water  off  Mas- 
sachusetts Bay.  With  this  was  also  found  a  rare  Holothurian 
(Molpadia  oi>litica\  previously  known  only  from  specimens  taken 
from  fish  stomacha 

The  various  muddy  bottoms  in  the  deeper  and  colder  areas 
yielded  nearly  the  same  assemblages  of  animals,  most  of  which 
are  either  stnctly  northern  types,  many  of  them  not  before  ob- 
served so  &r  south ;  or  else  species  of  wide  range  extending 
much  farther  north  as  well  as  south.  Among  those  of  special 
interest  are  the  following :  of  Radiata,  Edwardsia  farinacea  V., 
previously  known  only  from  the  Bay  of  Fundy,  Thyonidium 
sp. ;  of  MoLLUSCA,  Aiolgula  pilularis  Y.  and  Crlandula  mollis 
l^mp.,  both  known  before  only  from  the  Bay  of  Fundy,  Oy- 
prina  Islandica,  Cardita  borealis,  C.  Novangliae^  Yoldia  sapotilla, 
Y.  limatula^  Nucula  proxima,  N.  delphinodonta^  Cardium  ptmiu- 
latum,  Astarte  quadrans,  A,  castanea^  A.  lutea  (?)  Perkins,  Juyonsta 
hycUina,  Anatina  papyracea,  Lucina  JHosa,  Callista  conveaa,  Ore- 
tudla  glandulttj  Modiolaria  nigra,  At.  corrugata,  Pfcten  tenuicosta- 
tu8  (young  =  P.  fuscus  Lins.),  Buccinum  undulatiim,  Chrysodo- 
fnus  pygmoeus  (large  and  abundant),  Crvcibulum  striatum,  Alar- 
garila  obscura,  Cylichna  alba;  of  Annelids,  Clymene  torquata 
jjeidy,  Ophelia  simplex  Leidy  ?,  Trophonia  sp.,  l^emaspis  Jbssor, 
Aphntdiie  aculeata  (large  and  common),  Nepnthys  (large  species), 
Sipunculu^s  Bemhardus,  and  species  of  Nereis,  Lurrwriconereis, 
Aricia,  etc  ;  of  Crustacea,  species  of  Ampeli^ca  (abundant), 
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Uhciola  irrorataj  and  several  other  Amphipods,  Orangon  vulga- 
Tis^  Pandalua  annulicamis.  On  sandy  Dottoms  J3e/iinaradawa 
parma  was  very  abundant,  as  it  was,  also,  everywhere  in  the 
sounds,  for  it  is  a  widely  diffused  species,  occurring  as  fai  sooth 
as  Great  Egg  Harbor ;  Molgula  arenata  St  also  oocurred,  with 
a  few  other  species  of  interest  A  large  species  of  sandy  /br* 
aminifera^  omn  a  quarter  of  an  inch  in  diameter,  was  abundant 
In  the  channel  between  Gay  Head  and  No-mans-land  the  bot- 
tom is  gravelly  and  stony,  and  here  some  very  interesting  spe- 
cies were  found ;  among  the  Badiata  were  Atcyonxum  cameum 
Ag.,  Edwardsia  (new  species),  Ghrammaria  gracilis  St,  and  many 
other  hydroids,  OribreUa  sanguinohnia^  AsUriaa  vulgaris  7., 
Ophiopholis  aculeata  Gray,  Euryeckintis  Drobachtensia  Y. ;  otAs- 
CIDIANS,  Amouroitcium  pallidum  V.,  Molgula  papilloma  V.,  Ckfn- 
thia  camea  V.,  C.  hirsuta  Binney,  C.  partita  St,  all  northern 
species  except  the  last ;  of  shells  many  of  the  northern  fonns 
already  named  and  some  additional  species ;  of  Cbustacka, 
£Jupagurus  Bemhardua^  Cancer  borealis  (thrown  on  shore  and 
fragments  dredged),  C7.  irroratus,  with  numerous  Amphipods. 

The  brief  lists  of  species  given  above  are  quite  sufficient  to 
show  the  marked  nortnem  character  of  the  fauna  in  the  deeper 
waters  of  this  r^on.  Several  of  the  northern  shells  enume- 
rated above  have  also  been  dredged  by  Mr.  Sanderson  Smith  in 
Gardiner's  Bay,  L.  L,  and  some  of  them  have  long  been  known 
from  Montauk  Point  Mr.  Linsley,  in  his  catalogue  of  the 
shells  of  Connecticut,*  also  records  many  of  the  same  north^n 
species  with  a  few  additional  ones,  from  Stonington.  I  have 
been  informed  by  Mr.  H.  C.  Trumbull,  who  collected  the  shells 
attributed  to  Stonington,  that  all  these  northern  species  were 
obtained  by  him  from  the  stomachs  of  haddock,  &a,  which 
were  taken  within  a  few  miles  of  Stonington.  This  would  indi- 
cate that  the  northern  cold  current  has  a  decided  influence  as 
far  westward  as  that  locality,  beyond  which  its  influence  has 
not  yet  been  traced. 


SCIENTIFIC    INTELLIGENCE. 

L  Chemistry  and  Physics. 

1,  On  nitrous  and  hyponitric  acids. — Hasekbach  has  repeated 
the  experiments  of  Ny lander  on  the  nature  of  the  red  vapors 
formed  in  the  oxidation  of  arsenous  by  nitric  acid.  By  condens- 
ing these  vapors,  Nylander  obtained  a  blue  liquid  boiling  at  13°  C, 
which  appeared  to  have  the  formula  NO^,  and  therefore  to  be 
isomeric  with  hyponitric  acid.  Hasenbach  employed  an  apparatus 
constructed  entirely  of  glass,  and  dried  the  liquid  product  ob- 

♦  This  Journal,  I,  vol.  xlvlll,  1845. 
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taincd  with  calcined  cupric  sulphate.  The  deep  blue  liquid  ob- 
tained began  to  boil  at  2^  C,  giving  off  much  nitric  oxide ;  the 
thermometer  then  rose  rapidly  to  10°  C;  between  10°  and  13® 
but  little  nitric  oxide  was  given  off  Between  13°  and  22°  the 
temperature  rose  rapidly,  and  at  22°  the  remaining  portion  of 
liquid  passed  over  with  the  brown-red  color  of  hyponitric  acid. 
As  the  author  could  obtain  no  liquid  with  a  constant  boiling  point 
between  10°  and  13°,  this  portion  of  liquid  was  analyzed  and  found 
to  have  nearly  the  composition  of  hyponitric  acid,  NO2.  The 
vapor  density  of  this  liquid,  2  17  7,  also  corresponded  with  that  of 
hyponitric  acid,  which  is  2*061  as  calculated  from  the  formula. 
llie  vapor  when  passed  through  a  heated  tube  became  colorless,  but 
the  color  appeared  again  in  the  colder  portion  of  the  tube.  Fur- 
ther investigation  proved  that  the  compound  boiling  between  10° 
and  22°  was  a  mixture  of  much  hyponitric  with  a  little  nitrous  acid. 
The  general  results  of  the  author's  investigation  are  as  follows : 

(1.)  The  assumption  of  Ny lander  that  in  the  oxidation  of  arsen- 
0118  by  nitric  acid,  of  density  1*33,  an  isomer  of  hyponitric  acid  is 
formed,  is  without  foundation.  In  this  case,  according  to  the  con- 
centration of  the  nitric  acid,  either  hyponitric  acid,  or  a  mixture 
of  nitrous  and  hvponitric  acid,  is  formed. 

(2.)  Hyponitric  acid  and  nitric  oxide  unite  at  a  high  tempera- 
ture to  form  nitrous  acid,  which  may  in  this  manner  be  prepared 
chemically  pure. 

(3.)  Hyponitric  acid  and  chlorine  under  the  same  circumstances 
unite  to  form  chloronitric  acid,  NO^CL 

(4.)  Bromonitric  acid,  NO3B2,  could  not  be  obtained  pure  by 
thifl  process,  as  the  product  is  decomposed  by  boiling. 

(5.)  Iodine  and  hyponitric  acid  do  not  combine  at  a  high  tem- 
perature. 

•  (6.)  Cyanogen  and  hyponitric  acid  give,  with  the  aid  of  heat,  a 
highly  explosive  compound,  perhaps  cyanonitric  acid,  NO.Cy. 

(7.)  Chlorine,  bromine  and  cyanogen  do  not  unite  in  the  cold 
with  hyponitric  acid,  or  do  so  only  to  a  very  limited  extent. 

(8.)  TMitrous  acid  and  oxygen  unite  at  ordinary  temperatures  to 
form  hyponitric  acid. 

(9.)  Sulphurous  acid  and  carbonic  oxide  unite  with  hyponitric 
acid,  even  at  a  low  temperature,  to  form  compounds  not  further 
investigated. 

All  these  facts  speak  in  favor  of  the  assumption  that  the  mole- 

cule  of  fluid  hyponitric  acid  is    i  -pj^' ;  that  of  the  vapor  above 

100°,  on  the  contrary,  NO^. — Journal  fUr  prakt,  Chemie^  Band 
iv,  p.  1.     (New  Series.)  w.  o. 

2.  Neio  method  of  separating  magnesia  from  potash  and  soda. 
•— ScTiEERER  separates  the  alkaline  metals  from  magnesia  in  the 
following  manner:  The  solution  of  the  chlorides  of  the  bases  which 
may  contain  ammoniacal  salts  is  to  be  evaporated,  in  a  platinum 
vessel,  not  quite  to  dryness ;  a  larger  quantity  of  powdered  am- 
monic  oxalate  is  then  to  be  stirred  in,  the  whole  heated  to  perfect 

Am.  Jol-r.,Sci.— Tuiud  Series,  Vol.  II,  No.  11.— Nov.,  187J. 
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dryness,  and  finally  gently  ignited,  care  bein^  taken  to  expose 
every  portion  of  the  saline  mass  to  the  same  niffh  temperature. 
The  mass  is  then  to  be  heated  with  water — ^heated  to  the  boiling 
point  and  filtered.  The  magnesia  remains  on  the  filter  as  carbon- 
ate, while  the  alkalies  are  present  in  the  filtrate  as  carbonates  per- 
fectly free  from  magnesia.  The  separation  here  depends,  partly 
upon  the  formation  of  magnesic  oxalate,  which  is  decomposed  by 
ignition  into  carbonate,  partly  upon  the  &ct  that  the  temperatuR 
at  which  ammonic  oxalate  is  decomposed  is  higher  than  that  at 
which  ammonic  carbonate  is  volatalized.  The  amnionic  oxalate 
must  of  course  be  so  pure  as  to  leave  no  residue  on  ignition.  In 
the  presence  of  sulphuric  acid  the  method  is  not  applicable,  proba- 
bly Decause  the  ammonic  sulphate  is  decomposed  after  the  oxalate. 
— ^Tourncdfilr  praJU.  Chemie^  B.  iii,  p.  476.  w.  g. 

3.  On  the  methyloHon  of  the  phenyl  group  in  anilin, — ^Bebthb- 
LOT  observed  some  years  since  that  small  quantities  of  ethylamin 
are  formed  by  the  action  of  alcohol  upon  ammonic  chloride  at  a 
hiffh  temperature.  The  reaction,  which  in  this  case  takes  place 
with  great  difficulty,  was  employed  by  Bardes,  chemical  director 
of  the  anilin  color  &ctory  ot  Poirrier  and  Chappat  in  Paris^  for 
the  production  of  methyl  anilin,  dimethyl  anilin,  ethyl  anilin  and 
diethyl  anilin,  methylic  or  ethylic  alcohol  and  chlorhydrate  of  ani- 
lin being  heated  together.  In  this  reaction,  however,  other  prod- 
ucts are  formed  at  the  same  time  with  the  salts  above  mentioned, 
and  these  have  been  examined  by  Hofinann  and  Martins,  who 
operated  upon  very  large  quantities  of  material,  repeating  the  pro- 
cess twice  m  succession  upon  the  same  material  The  very  beau- 
tiful and  interesting  results  of  this  investigation  are  as  follows: 
The  methylation  or  ethylation  takes  place  in  two  distinct  phases, 
the  first  being  the  introduction  of  methyl  or  ethyl  into  the  phenyl- 
ammonia ;  the  second,  the  replacement  of  the  hydn^^n  of  Vie 
phenyl  itself  by  methyl  or  ethyl.  So  far  as  the  final  results  are 
concerned,  these  reactions  may  be  expressed  by  the  equations : 

H    jN.HCl+^g3  le=€  H3  VN.HCl+g[o 
€  H 


C.HJ  -Tx    .         €.H 


C  H3 


^Ist  phase. 
N.HCl+^ga  I  e=C  H3  N.HCl-fg  i  O 


«.H,(€[I,)1 


€H3 


^,Hj(€!H3), 


^^^        ^N.HC,+<=H.(e=|-kr-»JK.Ha+H}e 

It  can,  however,  scarcely  be  doubted  that  methylic  chloride  and 
water  are  always  formed  first,  and  that  methylic  chloride  is  the  true 
agent  of  substitution.  In  the  basic  oils  submitted  to  examination, 
the  authors  discovered  besides  dimethyl  anilin  four  other  dime- 
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thjlated  monamines — Damely,  dimethylated  tolnidiD,  xylidin,  cu- 
midin  and  cymidin ;  in  BymlK)lB  the  compounds : 

Dimethyl^ 

Anilin,        (|'5*)Jn. 

Toluidin,    (|'i;)j^  =  (|«g:r'^}N. 

c«-i^.  (l-?:'),}N=(l*5:Sr'^'}^- 

The  terminal  member  of  this  group  is  still  wanting,  and  would 
have  the  formula : 

The  authors  remark  that  the  names  selected  do  not  necessarily 
imply  that  the  compounds  are  identical  with  those  already  known, 
since  they  may  be  only  isomeric  with  them.  Thus  the  zylidin 
already  known  may  not  give  by  methylation  with  methylic  iodide 
a  dimethyl  zylidin  identical  with  the  above,  but  only  one  isomeric 
with  it.  Thus  we  already  know  a  solid  and  a  fluid  modification  of 
toluidin.  By  treatment  with  methylic  iodide,  solid  toluidin  yielded 
a  dimethyl  base,  which  in  many  respects  resembled  that  mentioned 
above,  but  which  yet  did  not  appear  to  be  certainly  identical  with 
it,  although  the  tertiary  monammes  derived  from  both  bases  ap- 
peared to  exhibit  no  differences  whatever.  The  authors  promise 
a  further  investigation  of  the  whole  subject,  and  chemists  will  look 
with  the  greatest  interest  for  their  results. — Btrichie  der  Deutschen 
Chem,  (tesellscfiaft^  Jahrgang  iv,  p.  742.  w.  o. 

4.  On  the  derivatives  of  hydric  phosphide  which  correspond  to 
ethylamin  and  diethylamin, — A.  W.  Hofiiann  has  succeeded  in 
obtaining  phosphorus  compounds  corresponding  to  ethylamin  and 
diethylamm.  The  process  consists  in  digesting  an  alcoholic  iodide 
with  iodide  of  phosphonium  and  a  metiulic  oxide.  When,  for  in- 
stance, one  part  by  weight  of  zinc-white,  four  of  iodide  of  phospho- 
nium, and  four  of  iodide  of  ethyl,  are  digested  together  ror  six  to 
eight  hours,  at  a  temperature  not  exceeding  150^  (T,  a  nearly  white 
crystalline  mass  is  obtained,  which  is  chiefly  the  iodide  of  ethly 
phosphin,  the  reaction  being  expressed  by  the  equation : 

2€,HJ+2PhJ+ZnO=2P(C,H5)H3l+ZnIa+OH,. 

In  this  case,  however,  a  certain  quantity  of  diethyl  phosphin  is 
always  formed,  the  reaction  being  expressed  by  the  equation : 

2€,HJ+PH^I+ZnO  =  P(6,H5)aHaI.ZnIa+Ofl3,. 

The  tertiary  and  quaternary  derivatives  of  phosphonium  are  not 
formed  in  this  reaction.  These,  Hofoiann  had  already  shown, 
might  be  obtained  by  the  action  of  the  alcohols  themselves  on 
phosphonic  iodide.    Hhe  separation  of  the  mono-  an^  di-  ootci^Tmi^ 
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is  very  easy.  Water  readily  decomposes  the  first,  settiog  the 
phosphine  free,  and  leaving  the  latter  unchanged  in  solution.  The 
phosphine  may  then  be  separated  by  distillation,  and  dried  by 
means  of  potassic  hydrate.  From  the  residue  in  the  retort,  the  di- 
compound  may  be  separated  by  distilling  with  caustic  soda  in  an 
atmosphere  of  hydrogen,  Monethyl  phosphin,  P(€J2H- )H2,  is  a 
colorless,  transparent,  mobile  liquid,  lighter  than  water,  boiling  at 
25®  C,  without  action  on  vegetable  colors,  and  possessing  a  truly 
fearful  odor.  In  contact  with  chlorine,  bromine,  iodine,  ana  fumin? 
nitric  acid,  it  takes  fire.  It  unites  with  sulphur  and  carbonic  di- 
sulphide  to  form  fluid  compounds.  With  chlorhydric,  bromhydric 
ana  iodhydric  acids  it  unites  to  form  salts.  The  chlorhydrate 
forms  a  beautiful  carmine-red,  crystalline  salt  with  platinic  chloride 
Diethyl  phosphin,  P(€«Hp)2H,  is  a  colorless,  transparent,  perfectly 
neutral  liquid,  insoluble  in  and  lighter  than  water.  It  boil8  at 
85°  C,  and  has  a  penetrating  and  persistent  odor.  It  oxidizes 
readily  in  the  air,  and  sometimes  even  takes  fire ;  it  also  unites 
with  sulphur  and  carbonic  disulphide  to  form  fluid  compounds. 
Diethyl  phosphin  unites  with  acids  to  form  salts  which,  with  the 
exception  of  the  iodhydrate,  are  difficult  to  crystallize.  Methyl 
phosphine,  P(€2H5)H2,  is  a  colorless  gas,  with  an  odor  even  worse 
than  that  of  the  ethyl  compound.  It  may  be  condensed  to  a  liquid 
by  cold  or  pressure.  The  salts  of  this  base  are  decomposed  by 
water.  Dimethyl  phosphin  is  a  colorless  liquid,  insoluble  in  water, 
and  boiling  at  25°  C.  like  its  isomer  ethyl  phosphin.  It  takes  fire 
when  exposed  to  air,  and  forms  very  soluble  salts  with  acids.— 
Berlchte  der  Deutschen  Chem.  GeseUschaJt,  Sand  iv,  pp.  430  and 
605.  w.  G. 

IL  Geology  and  Natural  History. 

1.  Kote  on  an  Apparent  Violation  of  the  Law  of  Itegidar  Pro- 
gressive dehituminisation  of  the  American  Coal  beds  coming 
East ;  by  J.  P.  Lesley.  (Proc.  Am.  Phil.  Soc,  xii,  p.  125,  1871.) 
— In  the  course  of  a  Geological  survey  of  certain  lands  in  Somer- 
set county,  Pennsylvania,  it  appeared  that  the  beds  of  coal  exist- 
ing at  Ursina  held  much  less  volatile  matter  than  was  expected. 
The  gas  coals  of  Westmoreland  county,  which  come  east  as  far 
as  Connellsville,  only  thirty  miles  west  of  Ursina,  hold  between 
30  and  40  per  cent,  of  volatile  matters.  Three  analyses  show 
Ursina  coals  to  have  but  17  per  cent.,  while  a  fourth  gives  22  per 
cent.  This  puts  the  Somerset  county  ooals  into  the  semi-bitumi' 
nous  class.  Yet  the  specimens  were  taken  from  gangways,  a  good 
many  years  old,  and  several  hundred  feet  from  the  outcrop,  under 
high  hill  cover,  at  a  point  on  the  westsrji  border  of  the  First 
Bituminous  Coal  Basin  of  Ponnsvlvania,  near  the  Marvland  and 
Virginia  Stale  line.  More  properly  we  should  say  that  the  Ursina 
coals  lie  in  tlie  second  synclinal  of  the  First  Basin.  For  the 
Negro  Alountain  anticlinal  comes  up  from  Virginia  and  splits 
the  First  Basin  into  two  in  Pennsylvania.  The  Mountain  dies 
down    at   Cast  Ionian's  River ;    but   the   anticlinal    axis   ruus  en 
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northward.  The  First  Basin  is  similarly  split  into  two,  east  of 
Johnstown,  by  the  Viaduct  anticlinal,  which  may  or  may  not  be 
an  actual  prolongation  of  Negro  Mountain. 

To  make  the  situation  understood,  the  following  extracts  from 
my  report  to  the  ownere  of  the  property  will  suffice.  The  accom- 
panying map  shows  the  Backbone  of  the  Alleghany  passing  by 
Altoona.  This  is  the  eastern  edge  of  the  First  Bituminous  Coal 
Basin.  The  two  long  parallel  mountains  between  Ursina  and 
Connellsville  enclose  the  Second  Bituminous  Coal  Basin  of  Penn- 
sylvania. The  Third,  Fourth  and  Fifth  lie  west  of  it,  and  the 
Sixth  occupies  the  northwest  corner  of  the  map ;  no  mountains 
separating  the  last  four.    [The  map  referred  to  is  here  omitted^. 

The  property  surveyed,  in  this  instance,  lies  in  my  old  tramping 
and  camping  ground  of  1840,  during  the  fifth  year  of  the  State 
Geological  Survey.  The  report  which  Mr.  James  T.  Hodge  and 
myself  made  to  Mr.  H.  D.  Kogers,  Chief  of  the  Survey,  may  be 
fonnd  recorded  in  the  Fifth  Annual  Report  (1841),  pages  8d-92, 
which  I  will  here  recapitulate  in  the  descending  order  of  the  beds, 
for  convenience  of  comparison. 

Tlie  Pittsburg  hed^  f,  has  been  eroded  from  the  whole  country 
between  the  Alleghany  Mountain  and  Chestnut  Ridge  (at  Con- 
nellsville and  Blairsville)  except  two  hill  tops ;  one  near  Salis- 
bury, and  the  other  near  Ligonier.  It  is  possible  also  that  a  third 
exception  may  be  discovered  in  the  high  hill  country  south  of 
Johnstown,  where  a  conspicuous  bench  runs  along  the  hill-tops 
for  several  miles. 

Limestone  20  feet  below  I,  6  feet  thick  in  the  Ligonier  Basin. 

Coal  bed  11^  60  feet  below  I,  3  feet  thick  in  the  Ligonier  Basin; 

1  foot  thick  in  the  Salisbury  Basin. 

Coal  bed  G^  100  feet  below  H,  1^  feet  thick  in  the  Salisbury 
Basin ;  encircles  the  highest  hill-tops  in  the  Ursina  Basin  with  a 
conspicuous  bench.     Fort  Hill  is  not  quite  high  enough  to  have  it. 

lied  Shales  between  G  and  F. 

Coal  bed  F^  90  feet  below  G  ;  generally  small ;  but  4  feet  thick 
in  the  Salisbury  Basin.     It  forms  the  high  terrace  of  the  Fort  Hill. 

Mahoning  Sandrock. 

Coal  bed  E, "  Upper  Freeport, "  50  feet  below  F ;  2  feet  thick,  on 

2  feet  of  Limestone  (over  it  Shales  with  ore-balls)  in  Ursina  Basin ; 
8  feet  thick,  on  6  feet  of  Limestone  in  the  Salisbury  Basin. 

Coal  bed  2>,  "  Lower  Freeport, "  60  feet  below  E,  6  feet  thick  in 
Ursina  Basin ;  4  feet,  farther  north ;  over  10  feet  of  sandstone 
with  ore-bcUls^  in  two  beds,  7  feet  asunder,  11  inches  in  all.  This 
ore-ball  horizon  is  very  extensive  north  and  south  of  the  River. 

Coal  bed  C,  20  feet  below  D,  2^  to  4  feet  thick. 

Coal  bed  -B,  30  feet  below  C  on  Cox's  Creek,  40  on  Laurel  Hill 
Creek  (N.  Fork),  and  60  at  Confluence ;  4  feet  thick  over  8  feet  of 
Limestone  on  the  river ;  \\  feet  thick  over  4  feet  of  Limestone  on 
the  North  Fork.  Twenty  feet  above  B  lie  15  feet  of  Shales,  etc., 
containing  ore^balls,  on  Spring  Run,  below  Pinkerton's  Bend  of 
the  river. 
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Coal  Bedy  22  feet  below  Limestone,  od  west  bank  of  Castleman*! 
nver,  i  mile  above  Zook's  Run  ford,  and  on  North  Fork  at  old 
AsAt  boring  ;  carries  5  feet  of  Shale,  containing  I  foot  of  ore-balU, 

Coal  ^  Ay  70  feet  below  B;  22  inches  thick,  at  ^iroflTi 
Bridge  over  Castleman's  river. 

Conglomerate ;  80  feet  below  A ;  the  interval  being  massiTe 
sandstone. 

Such  was  the  general  scheme  of  the  Coal  measures  made  out 
during  the  old  survey,  and,  however  subsequently  modified,  it  has 
been  of  incalculable  value  in  all  subsequent  special  and  private 
investigations.  It  was  a  very  successful  attempt  to  reduce  to 
system  the  heterogeneous  mass  of  details  collected  from  all  parts 
of  the  Bituminous  Coal  Region  of  western  Pennsylvania  outside, 
or  to  the  east,  of  the  Monongahela  River  Upper  Coal  Beds,  and 
of  the  Alleghany  River  Lower  Coal  Beds,  it  was  by  the  colla- 
tion of  these  three  generalizations,  that  the  first  knowledge  of  the 
true  order  of  the  American  Coal  Measures  was  obtained,  a  start- 
ingpoint  and  a  basis  for  all  the  Western  Surveys. 

[The  details  with  regard  to  the  region  and  the  beds  of  rock  and 
coal  are  here  omitted].  Analyses  of  specimens  from  one  of  the  beds 
called  the  Ferrifen>us  Bed  afforded  as  a  mean  of  two  analyses: 

Volatile  matters  and  water 17'125 

Water  alone 

Fixed  carbon 68 -5 35 

Ashes 14*34 

A  specimen  from  another  opening,  near  the  month  of  Brown's 
Creek,  gave: 

Water 0-56 

Volatile  substances  (gas) 21 '90 

Carbon   (coke) 60*98 

Sulphur  (in  ash) 0*62 

Ash 16-96 

That  both  the  6-foot  and  the  3-foot  Ursina  beds,  situated  at  the 
western  limit  of  the  1st  Bituminous  Coal  Basin,  should  have  only 
17  per  cent,  of  volatile  matters, — not  more  than  the  coals  of  the 
Broad  Top  Region  lying  one  hundred  miles  to  the  east  of  Ursina 
— is  truly  remarkable.  The  Broad  Top  beds  are  tilted  and  faulted 
abundantly.  The  Somerset  County  beds  are  almost  perfectly 
undisturbed.  The  coal  in  one  gangway  showed  22  per  cent^  of 
volatile  substances.  But  even  this  is  no  greater  than  the  coals  of 
the  Alleghany  Mountains  and  the  coals  of  the  Cumberland  Coal 
Region. 

No  proper  scheme  of  the  rates  of  dehituminizaiion  to  easting  and 
to  disturbance^  can  be  obtained  until  all  the  analyses  of  each  IhhI 
in  the  series  of  Coal  Measures  shall  be  tabulated  apart  fi-om  the 
rest.  We  may  then  expect  to  learn  something  also  respecting 
the  influence  of  specific  vegetation  upon  the  percentages  of  coke 
and  gas. 
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Bat  in  the  outset  one  soarce  of  error  must  be  guarded  against. 
The  specimens  of  coal,  from  which  the  foregoing  analyses  were 
made,  were  obtained  in  the  walls  of  old  gangways.  It  is  possible 
that  they  had  been  Ions  enough  exposed  to  the  air  to  lose  some 
of  their  hydro-carbons  by  spontaneous  evaporation.  The  rate  at 
which  this  goes  on  in  coal  mines  and  exposed  heaps  is  variously 
stated  by  those  who  have  investigated  the  subject. 

Dr.  Richters  made  a  recent  communication  to  a  German 
Journal,  in  which  he  states  his  opinion  that  the  weathering  of 
ooal  depends  upon  its  ability  to  absorb  oxygen,  converting  the 
hydro-carbons  into  water  and  carbonic  acid.  At  a  heat,  say  of 
875^  F.,  only  5  or  6  per  cent,  of  the  carbon  accepts  oxygen ;  the  rest 
seems  to  show  little  or  no  disposition  to  affine  with  it.  The  pro- 
cess is  apparently  dependent  upon  the  per-centage  of  hydrogen. 
But  with  coal,  cold  or  at  ordinary  temperature,  the  oxidation  is 
so  slow  as  to  be  imperceptible,  even  after  exposure  for  an  entire 
^ear.  He  says  moisture  has  no  accelerating  effect,  unless  pyrites 
IB  present  in  quantity.  Pure  coal,  heaped  up  for  nine  months  or 
a  year,  unprotected  by  the  weather  and  not  allowed  to  become 
heated,  is  changed  no  more  than  it  would  be  in  a  perfectly  dry 
place. 

Herr  Grundmann,  of  Tarnowitz,  on  the  other  hand,  has  recently 
published  elaborate  experiments  proving  the  effects  of  exposure 
on  bituminous  coals  to  be  most  serious.  Coal  which  he  exposed 
for  nine  months  lost  fifty  per  cent,  of  its  value  as  fuel.  His  con- 
clusions excited  such  doubts,  that  his  experiments  were  repeated, 
in  connection  with  Herr  Varrentrapp,  of  Brunswick,  who  proved 
by  laboratory  experiments  that  oxidation  took  place  at  common 
temperatures.  Three  months  sufficed  to  rob  coal,  kept  uniformly 
at  140''  C.  (284''  F.)  of  aU  its  carbon,  a  heat  less  than  th^t 
evolved  in  coal  heaps  exposed  to  the  air. 

Grundmann  proved  that  the  decomposition  was  the  same  in  the 
middle  of  the  heap  as  at  the  surface,  and  reached  its  maximum 
about  the  third  or  fourth  week:  that  half  of  the  oxygen  was 
absorbed  during  the  first  fourteen  days;  that  a  coal  poor  in  oxygen 
absorbs  it  most  rapidly ;  that  moisture  is  an  important  condition  ; 
that  coals  making,  when  freshly  mined,  a  firm,  coherent  coke  of 
good  quality,  make,  afler  even  only  eleven  days  exposure,  either  no 
coherent  coke  at  all,  or  coherent  coke  of  quite  infeiior  quality. 
For  ^as  purposes,  also,  the  coal  is  greatlj  injured. 

It  is  evident  that  these  facts  have  an  important  bearing  on  the 
value  of  the  analyses  given  above. 

2.  On  the  Oil  toeUs  of  Terre  Jlaute^  Indiana ;  by  T.  Stebby 
Hunt.  Abstract  of  a  paper  presented  to  the  American  Association 
for  the  Advancement  of  Science,  Indianapolis,  Aug.,  1871. — In  pre- 
vious publications  I  have  endeavored  to  show  that  the  source  of 
the  petroleum  in  southwest  Ontario,  and  probably  in  some  other 
localities,  is  to  be  sought  in  the  oleiferous  limestones  of  the  Cor- 
iiiferous  and  Niagara  formations,  both  of  which  abound  in  indi- 
genous petroleum.  I  have,  however,  expressed  the  opinion  that 
the  overlying  sandstones  in  Pennsylvania  are  also  truly  oleiferous. 
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In  a  paper  read  to  this  Association  last  year,  I  showed  that  the 
Niagara  tiniestone  at  Chicago  holds  imprisoned  in  its  pores  an 
enormous  quantity  of  oil,  and  remarked  that  the  reservoirs  which 
supply  the  wells  in  other  districts  are  fissures  along  antielbahi, 
which,  though  sometimes  occurring  in  strata  above  the  oil  bearing 
horizon  in  Ontario,  frequently  occur  in  the  Oomiferous  limestone 
itself.  Hence  the  view  held  by  some  that  the  source  of  the  oil  in 
that  region  is  to  be  sought  in  the  overlying  strata  is  negatived. 

In  Ontario  there  intei'venes  between  the  Comiferons  and  Ni- 
agara formations,  the  great  saliferous  series  known  as  Onondaga 
or  Salina  formation.  This,  however,  is  wanting  to  the  westward, 
where  the  first  two  formations  come  together,  and  according  to 
Professor  Cox,  where  exposed  at  North  Vernon,  Indiana,  are  U>th 
oleiferous. 

A  well  lately  sunk  at  Terre  Haute,  Indiana,  in  search  of  frpsh 
water,  has  shown  the  existence  of  a  productive  source  of  oil  in  that 
region.  It  was  carried  1,900  feet,  and  yields  about  two  barrels  of 
oil  daily.  A  second  well,  a  quarter  of  a  mile  east  of  north  from  the 
first,  has  given  a  supply  of  twenty-five  barrels  of  oil  daily.  After 
passing  through  1 60  feet  of  superficial  sand  and  gravel,  the  bor- 
ing was  carried  to  a  depth  of  1,625  feet,  where  the  oil  was  struck. 

According  to  Prof  Cox,  the  strata  passed  through  are  as  follows: 
Coal  measures  700  feet ;  Carboniferous  limestone,  with  underlying 
sandstone  and  shales,  700  feet ;  black  pyroschists,  regardeil  as 
equivalent  of  the  Genesee  slates,  60  feet.  Beneath  this,  at  a 
dejith  of  twenty-five  feet,  in  the  underlying  Comiferons  limestone, 
the  oil  vein  was  met  with. 

The  oil  in  the  first  well  was  found  at  the  same  horizon.  A 
third  well,  about  a  mile  to  the  eastward,  was  carried  to  a  dqith 
of  2,000  feet,  but  no  traces  of  oil  were  met  with. 

This  locality,  on  the  Wabash  river,  is,  according  to  Prof.  Cox, 
on  tlie  line  of  a  gentle  anticlinal  or  uplift  which  is  traced  a  l(»ng 
distance  to  the  west  of  south.  The  relation  of  productive  oil  wells 
to  such  anticlinals  was  pointed  out  by  Prof.  Andrews  and  by  my- 
self in  1861. 

Postscrlpttiyn, — In  a  note  in  this  Journal  for  September  (page 
215),  Mr.  A.  I).  Warner  refers  to  a  paper  by  me  on  The  Oilh^ar- 
i7i(j  Limestone  of  Chicago^  which  appeared  in  this  Journal  for 
June  (]).  420),  and  quotes  from  me  as  saying  therein  that  "much  of 
the  petroleum  of  Pennsylvania,  Ohio,  and  the  adjacent  regions,  it* 
indiLTcnous  to  certain  sandstones  in  the  Devonian  and  Carbonifer- 
ous  rocks."  It  would  have  given  a  more  correct  idea  of  my  view?, 
had  ho  cited  the  words  preceding;  after  maintaining  that  a  princi- 
pal source  of  the  petroleum  is  in  lower  rocks,  in  fact  the  limestone 
of  the  Niagara  and  Comiferons  formations,  I  added:  '* There  is 
however,  reason  to  beliove,  as  1  have  elsewhere  pointed  out,  that 
nnicli  of  th(^  ])etroleum,  etc."  I  there  referred  to  the  Geology  of 
CauMda,  1863-66,  page  24,  where  I  cite  from  two  papers  of  J.  P. 
Lesley  (Amer.  Phil.  Society,  x,  M3,  187),  audit  is  from  the  ovi- 
(lonce   there  given  by  him,  and  not  upon  my  own  observation!*, 
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that  1  conclude  "  we  have  reason  to  believe ''  in  the  existence  of 
indigenons  petroleum  in  the  sandstones  in  question.  Lesley  there 
states  that  the  oil  in  these  rocks  occurs  in  thin  fissures  correspond- 
ing to  the  remains  of  plant  stems  which  have  disappeared,  having 
been  converted  into  petroleum,  an  observation  which  is  an  answer 
to  Mr.  Warner's  remark  that  while  the  sand-rocks  in  question  are 
seen  in  certain  parts  to  abound  in  fossil  plants,  "  they  contain 
nothing  from  which  the  petroleum  could  possibly  have  been  de- 
rived". While  I  have  constantly  maintained  the  view  held  by 
Mr.  Warner,  that  the  oil,  so  far  as  I  have  studied  it,  comes  from  a 
lower  horizon,  I  am  nevertheless  not  disposed  to  reject  the  state- 
ments of  so  skilled  an  observer  as  Mr.  Lesley.  Mr.  Warner  will 
find  in  the  facts  ascertained  at  Terre  Haute  a  confirmation  of  the 
view  that  the  petroleum  in  this  region,  at  least,  comes  not  from 
the  sandstone,  nor  even  from  the  underlying  pyroschists,  but 
from  the  still  lower  limestones  of  the  Niagara  and  Corniferous 
formations. 
Montreal,  Sept  S,  1871. 

8.  Surface  Geology  of  I^ew  Bnmmoick ;  by  G.  F.  Matthew, 
Esq.,  (Proc.  Nat.  Hist.  Soc.  of  New  Brunswick,  April,  1871.) — ^The 
author  closes  his  paper  with  the  following  conclusions. 

1st.  The  present  summer  climate  of  a  large  part  of  Acadia  is 
such  as  to  compare  with  that  of  the  region  around  Lake  Supe- 
rior, whei-e  according  to  Prof  L.  Agassiz  and  Sir  W.  E.  Logan, 
glaciers  existed  during  the  Drift  period.  The  resemblance  in 
the  climatic  conditions  of  the  two  regions  is  shown  both  by  their 
mean  summer  temperatures  and  by  the  distribution  of  indigenous 

Elants.  (See  Can.  Nat.,  June,  1869.)  The  authority  of  Messrs. 
u  Agassiz  and  J.  D.  Dana  mav  be  quoted  in  favor  of  the  for- 
mer existence  of  glaciers  in  southern  New  England,  which  enjoys 
a  summer  temperature  considerably  higher  than  Acadia. 

2nd.  Some  of  the  phenomena  of  the  drift  epoch,  such  as  the 
direction  and  position  of  the  glacial  striee  and  the  distribution  of 
the  clays,  do  not  appear  susceptible  of  explanation  on  the  hy- 
pothesis that  icebergs  and  ocean-currents  alone  produced  them. 
And  it  seems  reasonable  to  suppose  that  a  great  sheet  of  ice 
similar  to  the  continental  glaciers  of  Greenland  and  the  Ant- 
arctic regions,  which  will  explain  these  phenomena,  covered  the 
Liower  rrovinces  during  the  glacial  epoch ;  and  that  while  the 
general  course  of  this  mass  was  southward  toward  the  then  exist- 
ing ocean,  the  motion  of  the  deeply-buried  ice  in  the  bottom  of 
the  glacier  was  partly  governed  by  the  configuration  of  the  land 
beneath  it. 

3rd.  That  while  the  western  portion  of  this  icy  mass  was 
steadily  moving  down  the  Atlantic  slope  from  the  table  land  of 
northern  Maine,  and  the  eastern  pushing  across  the  low  swell  of 
land  which  separates  the  Gulf  of  St.  Lawrence  from  the  Bay  of 
Fundy^  the  motion  of  the  central  portion  of  the  ice-sheet,  which 
could  have  had  but  a  slight  inclination,  would  have  been  impeded 
or  nearly  arrested  by  the  southern  hills  of  New  Brunswick. 
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4th.  That  such  portions  of  the  glacier  as  were  pushed  over  the 
tops  of  these  hills,  or  through  the  narrow  valleys  between  them, 
conformed  in  some  degree  to  the  slope  of  the  surfaces  over  wluefa 
they  moved. 

5th.  The  erosion  effected  by  the  glacier  was  chiefly  in  the 
softer  rocks  of  the  country ;  the  harder  ones  resisting  the  attritive 
power  of  the  ice,  and  preserving  with  comparatively  little  change 
their  prc-glacial  outline. 

4.  Aemarks  ot*  JFbssU  Vertebrates  fnym  Wyoming.  (Proc.  Acid 
Nat.  ScL  Philad.,  August  8,  1871.)— Prof.  Lkidy  remarked  that 
the  collections  of  fossils  presented  this  evening  by  Drs.  J.  Van 
A.  Carter  and  Joseph  K.  Corsos  were  of  unusual  interest.  Thej 
consist  of  remains  mainly  of  turtles,  with  those  of  mammals  and 
crocodiles,  and  were  obtained  from  the  tertiary  deposits  in  the 
vicinity  of  Fort  Bridger,  Wyoming  Territory. 

The  great  abundance  of  remains  of  turtles,  of  many  species  and 
genera,  of  fresh-water  and  terrestrial  habit,  obtained  in  Wyoming, 
indicates  this  region  to  have  swarmed  with  these  animals  daring 
the  earlier  portion  of  the  Tertiary  period.  Crocodiles  and  lace^ 
tian  reptiles  were  likewise  numerous.  The  many  mammalian 
remains  found  in  association  with  the  reptilian  fossilB  mainlf 
belong  to  tapiroid  and  carnivorous  animals. 

The  Wyoming  tertiary  fauna  presents  a  remarkable  contrast 
with  the  later  faunae  of  the  Mauvaises  Terres  of  White  River, 
Dacota,  and  of  the  Niobrara  River,  Nebraska.  Among  the  large 
number  of  fossils  from  these  two  localities,  rich  in  evidence  of 
mammalian  life,  there  occur  the  remains  of  a  single  species  of 
turtle  in  each,  and  none  of  crocodiles  or  other  reptiles. 

Dr.  Carter's  collection,  besides  containing  remains  of  Triowpt 
guttatus^  EmyB  Jeanesianus^  E.  Haydeniy  and  JEL  Stevensonioiiu^ 
and  Baena  arefiosa,  also  adds  two  new  turtles  to  the  list.  One 
of  those  is  a  species  of  Emys  of  the  largest  size,  and  exceeds  any 
now  living.  The  carapace  has  measured  about  two  feet  and  a 
half  in  length,  and  the  sternum  about  two  feet.  In  honor  of  itfe 
discoverer,  it  may  be  named  Emys  Carteri. 

The  first  and  second  vertebral  plates  of  this  species  present  an 
unusual,  perhaps  an  anomalous  appearance.  The  first  is  4  inches 
long,  and  clavate  in  shape,  with  the  narrow  part  foremost.  The 
second  is  2 J  inches  long,  and  presents  the  usual  hexagonal  form 
rever8e<l.  The  third  plate,  a  little  longer,  is  quadrate,  with  convex 
sides.  The  first  vertebral  scute  is  vase-like  in  outline,  5^  inches 
long,  2  J  inches  wide  in  front,  4f  inches  near  the  middle,  and  ^ 
inclies  at  the  back  border.  The  second  scute,  of  the  ordinary  form, 
is  5  inches  long,  and  4  inches  wide. 

The  second  turtle  belongs  to  the  recently  characterized  genus 
Baena^  but  is  considerably  larger  than  its  assoiuated  sjveciee 
which  liave  been  described.  The  shell  in  its  complete  conditioD 
has  been  upwards  of  a  foot  and  a  half  in  length,  and  is  seven 
inches  and  a  half  high.  The  sternum  is  flat,  and  about  fifteen 
inches  long.     Its  pedicles  ascend  at  an   angle  of  about  45°,  and 
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ftre  seven  incheB  and  a  half  broad.  Ab  in  the  living  Dermatemys^ 
and  the  sea  turtles,  they  are  covered  with  large  scutes,  four  in 
number,  as  in  JSaena  arenosa.  The  intermediate  vertebral  scutes 
are  longer  than  broad — the  third  being  4  inches  long,  and  8^ 
inches  wide.  A  peculiarity  of  the  species  is  the  undulating 
manner  in  which  the  costal  scutes  join  the  marginal  scutes,  and  the 
sternal  scutes  one  another.  The  species  may  be  named  3aena 
%mdata. 

Dr.  Carter's  collection  also  contains  some  fragments  of  bones 
of  a  large  mammal,  which  are  so  mutilated  as  to  be  hardly  charac- 
teristic. A  jaw  fragment  among  them,  with  the  retained  fragments 
of  the  true  molars,  would  appear  to  indicate  a  species  of  Pakeasyops 
much  larger  than  P,  paludosua.  In  absence  of  other  evidence,  it 
might  be  viewed  as  a  species  of  this  genus,  under  t^ie  name  oi 
P.  fnc^or.  The  true  molars  occupied  a  space  of  four  and  a  half 
inches.  The  last  molar  measured  an  inch  and  seven-eighths  fore 
and  afl,  and  an  inch  transveraely  in  front. 

Dr.  Carter  had  also  sent  some  fossils  to  Prof.  Leidy,  among 
which  were  portions  of  iaw,  with  nearly  full  series  teeth  of 
HyrachyxM  agrariu%.  This  animal  is  related  to  the  Tapir,  Hyror 
eoaoHj  and  Laphiodon,  The  formula  of  its  dentition  is  the  same 
as  in  ITyracodofi :  1  molars,  1  canine,  and  3  incisors.  The  true 
molars  are  like  those  of  Lophiodon^  except  that  the  last  lower  one 
has  a  bi-lobed  instead  of  a  triple-lobed  crown.  Apparently  the 
same  animal  has  been  indicatea  by  Prof.  Marsh  under  the  name 
of  Lophiodon  Bairdiantu,  A  fragment  of  a  lower  jaw  containing 
the  last  premolar,  and  the  first  true  molar,  indicates  a  larger 
species  of  Syrachyus^  which  may  be  named  H,  eximius.  The 
crown  of  the  last  premolar  is  7^  lines  antero-posteriorly,  and  5^^ 
transversely.  The  true  molar  has  measured  about  8J  lines  fore 
and  aft,  and  6  lines  transversely.  The  depth  of  the  jaw  fragment 
below  the  true  molar  is  over  an  inch  and  a  half. 

Another  fossil  is  a  mutilated  incisor,  indicating  a  species  of 
TVof/o&ue  rather  more  than  half  the  size  of  T.  castorideaSj  which 
mav  be  named  T,  vetidua, 

A  femur  of  PaloBosyopa  pcUudosuSy  in  the  collection,  exhibits 
the  third  trochanter,  characteristic  of  the  unequal-toed  pachyderms. 

The  astragalus  of  this  animal  almost  repeats  that  of  the  living 
Tapirs. 

Among  the  remains  of  Dr.  Coi*son's  collection  there  is  the 
greater  part  of  the  lower  jaw  of  a  large  crocodile,  but  too  much 
broken  to  attempt  to  give  an  opinion  in  regard  to  its  specific 
eharacter,  until  it  is  in  some  degree  mended  or  restored. 

6.  Dredging  in  Lake  Superior  under  the  direction  of  the  U.  8. 
lioke  Survey, — ^Extensive  dredgings  were  undertaken  the  past  sea- 
son in  Lake  Superior,  from  the  U.  S.  steamer  Search,  under  the  di- 
rection of  den.  C.  B.  Comstock,  Superintendent  of  the  Lake  Survey. 
Dredging  was  carried  on  from  the  shallow  waters,  especially 
along  the  north  shore,  down  to  169  fathoms,  the  deepest  point 
known  in  the  lake.  In  all  the  deeper  parts  of  the  lake,  the 
bottom,  as  shown  both  by  the  dredging  and  by  the  soundings 
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executed  by  the  Survey,  is  covered  with  a  nniform  deposit  ol 
clay,  or  clayey  mud,  usually  very  soft  and  bluish  or  drab  in 
color.     Water  brought  from  the  bottom  at  many  points  was  per 
fectly  fresh ;  that  from  169  fathoms  gave  no  precipitate  with 
nitrate  of  silver.     The  temperature,  everywhere  below  30  or  40 
fathoms,  varied  very  little  wom  39**,  while  at  surface  (at  the  time 
of  the  observations,  during  August)  it  varied  from  60®  to  55*. 
The  fauna  of  the  bottom  corresponds  with  these  physical  condi- 
tions.    In  the  shallow  waters,  the  species  vary  with  the  varying 
character  of  the  bottom,  while  below  30  to  40  fathoms,  where  the 
deep-water  fauna  properly  begins,  the  species  seem  to  be  every- 
where  very  uniformly    distributed.     The   deep-water  fauna,  as 
might  be  expected  from  the  unfavorable  character  of  the  bottom, 
is  meager,  and  seems  to  be  characterized  rather  by  the  absence  of 
many  of  the  shore  species  than  by  forms  peculiar  to  itself     Some 
of  the  more  interesting  species  occurrinff  in  deep  water  were: 
Jfysis  relicta  Lov6n,  at  various  depths  from  4  to  159  fathoms; 
Pantoporeia   affini^    Lindst.,   at    nearly   every  haul    from   the 
shallowest    to    the    deepest ;   a    small    undescribed    species  of 
IHsidiumy  down  to   159  fathoms;    several  forms   of   dipterons 
larva?,  allied  to    Chironomtis,  down  to  the  same  depth ;  sev^ 
species  of  Lumbricoid  worms,  of  the  genera  Tubifex^  SoB^iurii^ 
and  an  allied  genns ;  and  a  species  of  Hydra^  which  was  found 
from  the  shore  down  to  169  fathoms.     Of  these,  the  Mysis^  Ponto- 
poreiOy  and  Piaidinm  are  identical  with  species  found  by  Dr. 
Stimpson  in  his  dred^ng  in  Lake  Michigan,  a  short  account  of 
which  was  published  m  the  American  Naturalist  for  Septemlw, 
1870.     The  species  of  Mysis  and   Pontoporeia  I  am  unable  to 
distinguish  from  specimens  from  Lake  Wetter  in  Sweden.     lu  the 
Swedish  lakes,  these  species  were  associated  with  Idotwa  entomon 
and  Gainmaracanthiis  loricatus^  marine  species,  and  were  supposed 
by  Lov6n  to  have  been  derived  from  ancient  marine  species  left 
in  tlie  lake  basins  by  the  recession  of  the  ocean.     The  oc<jurren« 
of  these  forms  in  Lake  Superior,  so  far  removed  from  the  ocean, 
is  certainly  a  very  interestmg  fact  in  the  geographical  distribu- 
tion of  species,  but  one  which  I  will  not  attempt  to  discuss  in 
this  brief  notice.     In  the  shallow  waters  many  interesting  specitt 
were  obtained.     Among  these  was  a  new  species  of  Crattgcmyx,  a 
genus  closely  allied  to    Gammarus^  and  heretofore   known  only 
n-oni  a  few  species  found  in  the  fresh  waters  of  the  old  world, 
which  occurred  in  8  to  13  fathoms;  and  at  the  same  depth,  species 
of  lAimhricus^  Nephelis^  Procotyla^  Gammarua^  Aselitui,  Limm^a^ 
Physa^  Planorhis^  Valvafa^    Sphmrium,    Pisidiumy    etc.     A  ftll 
report  will  soon  be  published.  s.  i.  smith. 

0.  A,  Featherman :  Report  of  Botanical  Survey  of  Southfrn 
and  Central  Louisiana,  In  the  Annual  Report  of  tJke  Rnardof 
Supervisors  of  Louisiana  State  University^  for  year  1870.  New 
Orleans,  1871. — The  Botanical  Rej)ort,  separately  paged,  filk  130 
pages.     Professor  Featherman  is  Lecturer  on  Botany  in  the  Uni- 
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Tersity,  and  Professor  of  Modem  Languages.  The  general  matter, 
which  makes  the  priucipal  staple  of  this  Report,  is  of  consider- 
able interest,  although  the  information  afforaed  is  in  some  cases 
decidedly  trita  Our  attention  b  concentrated  upon  the  list  of  new 
species,  twelve  in  number,  which  we  enumerate,  appending  the 
names  which  thev  have  previously  received,  some  of  them  in 
works  which  Prot  Featherman  has  probably  not  had  access  to. 
We  are  indebted  to  the  author  for  original  specimens  of  some 
species  and  drawings  of  others,  without  which  these  determinations 
could  hardly  have  been  made.     Taking  the  species  in  order: 

Muphorbia  Jjudoviciana  is  PhyUanthvs  Carolinenais  Walt. 

JS.  MegancBSOS  is  JE  macidataJj,^  a  pretty  well-marked,  more 
erect,  and  smoothish  variety,  of  our  southern  coast. 

ScUjhatia  nana  is  S.  gracilis  Pursh,  a  dwarf  form,  approach- 
ing S.  stellarh. 

S.  oligophyUa  is  a  slender  state  of  S,  gentianoidea  £11. 

JSydrolea  leptocaulia  is  H.  ajfinis  Gray,  Manual,  ed.  5. 

M.  JLttdoviciana  is  JT.  ovata  Nutt. 

Jussioea  Boydiana  is  J,  repens  L.,  a  small  form. 

Tephroaia  anguatifolia^  from  the  drawing   is  probably  only 
a  slender  form  of  the  next. 

2!  multiflora  is  T,  onobrychoidea  Nutt 

Xtilium  Lockettii  is  Grinum  Americanum  L. 

(Ekhothera  paludosa^  for  lack  of  specimen  and  drawing,  is  not 
made  out. 

Helenium    Semv/iariense    is  H.    nttdiflorum   Nutt.,    that    is, 
Leptopoda  hrachypoda  Torr.  and  Gray.  a.  g. 

7.  Dr,  Rohrbach  on  Typha, — Dr.  Rohrbach,  the  monographer 
of  SilenCy  of  Berlin,  has  published  a  careful  revision  of  the  genus 
I\/pha.  He  recognizes  9  species,  with  4  sub-species :  7  of  the 
former  are  found  m  Europe,  and  2  of  these  also  m  the  territories 
of  the  United  States,  together  with  a  sub-species,  peculiar  to  the 
warmer  parts  of  America. 

Dr.  R.  has  discovered  that  the  fruits  of  7  of  the  9  species  show 
a  longitudinal  groove,  and  burst  open,  emitting  the  seed,  when 
placed  in  water :  the  two  others  possess  no  groove,  nor  do  they 
open,  the  pericarp  being  adnate  to  the  seed.  Our  species  belong 
to  the  first  section.* 

The  other  characters  on  which  he  relies  to  distinguish  the 
species  arc  (I)  the  shape  of  the  stigma,  which  is  linear,  spatulate 
or  rhomboid ;  (2)  the  presence  or  absence  of  bracts  (variable  in 
shape  in  the  same  species)  at  the  base  of  the  female  flower ; 
(3)  the  proportional  length  of  the  stigmas,  the  perigonial  hairs, 
and  the  just  mentioned  bracts,  at  the  period  of  maturity  of 
fruit ;  (4)  the  presence  or  absence  of  hair  on  the  axis  of  the 
male  inflorescence ;  (5)  the  pollen,  whether  in  single  grains  or  in 
4  grains  united ;  (6)  the  anatomical  structure  of  the  seed  coats. 

*  The  species  with  adnate  pericarp  are  T.  Laacmanni  Lopechin  (tho  eoriier 
name  for  71  minor  Sm.),  throughout  middle  and  southern  Europe  and  Asia ;  and 
T.  itencphylla  F.  k  M.,  extending  from  Asia  into  Italy. 
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The  shape  of  the  leaves,  and  the  contiguity  or  distance  of  the  mile 
and  female  inflorescence,  do  not  farnisn  veiy  reliable  diasnostaes. 

Typha  Uuifolia  Lin.^  throughout  the  United  States  to  the  Fticffie, 
and  into  Mexico.  Axis  of  male  inflorescence  hairy ;  pollen  gnini 
in  4^8 ;  female  flowers  without  bracts ;  stigma  lanceolate-spatukte, 
much  longer  than  the  perigonial  hairs ;  leaves  fiattish. 

Typha  ai^guatifolia  Lin.,  in  the  northern  parts  of  the  Unitod 
States,  southward  only  known  in  Louisiana.  Axis  of  male  vbAsx- 
esceiice  hairy ;  hairs  linear ;  pollen  grains  single ;  female  flowen 
subtended  by  bracts,  which  are  of  equal  length  with  the  peri- 
gonial hairs,  and  much  shorter  than  the  linear  stigma;  leiTei 
convex  on  back. 

Typha  Domingensis  Pers.,  from  Texas,  through  the  West 
Indies,  and  southward  (not  in  the  Old  World),  is  a  sab-species  of 
the  latter.  .Hair  of  the  male  inflorescence  tapelike,  broader  up- 
ward ;  perigonial  hair  of  female  flowers  slightly  davate  (not 
seen  in  any  other  typha) ;  seed  coat  a  little  different  from  that  <rf 
T  anyustifolia ;  leaves  almost  flat  T  TiuxiiUnais  and  7. 
Tenuifolia  H.  B.  K.,  belong  here. 

A  plate  elucidates  the  differences  of  structure  of  the  seed  ooat& 
An  alphabetical  index  enumerates  the  names  and  synonyms,  and 
refers  them  to  their  proper  places.  o.  i. 

lEL  Astronomy. 

1.  Cordoba  Observatory. — ^The  following  are  extracts  from  the 
recent  official  Report  of  the  Director,  Dr.  S,  A.  Gould. 

The  Observatory  is  situated  on  a  height  or  barranca,  lying  to 
the  southeast  of  the  city  of  Cordoba,  at  a  distance  of  eight  squares 
from  the  principal  Plaza,  and  not  far  from  the  gardens  of  the  Nar 
tional  Exposition. 

The  ground  plan  of  the  edifice  consists  of  a  square,  divided  into 
four  rooms  of  5*8'"  a  side  each  ;  and  forming  wings  to  the  R  and 
W.  two  more  rooms  of  3 '6"*  wide  by  4*2"  long,  destined  for 
observations  in  the  plane  of  the  meridian ;  and,  at  the  respective 
extremities  of  these,  two  circular  towers  6""'  in  diameter  each; 
while  in  the  north  and  south  direction  two  smaller  towers  of  4 
meters  in  diameter  serve  as  prolongations  to  the  edifice.  These 
towers  have  revolving  cupolas,  and  the  whole  of  the  edifice  fomw 
a  cross  terminated  at  its  four  extremities  by  as  many  towers.  Its 
entire  length  is  about  38™  in  the  direction  E.  to  W.,  by  a  width 
of  24-3°'  from  N.  to  S.  The  height  of  the  larger  towers  is  6*  and 
that  of  the  small  ones  only  5*4™. 

Your  Excellency  knows  that  the  materials  for  the  rooms  which 
lie  toward  the  E.  and  for  the  towers  to  the  N.  S.  &  K  were  sent 
from  the  United  States  in  June  of  the  last  year,  with  the  excop 
tion  of  the  masonry,  which  it  was  necessary  to  have  constrocted 
upon  the  spot.  These  materials,  forming  thus  two-thirds  of  the 
edifice,  were  received  in  Cordoba  in  the  3d  week  in  October,  and 
this  part  of  the  edifice  at  this  day,  if  not  completely  finished,  is,  si 


Astronomy.  877 

least,  in  a  state  to  be  used.  The  remaining  part,  my  friends  in  the 
United  States,  desirous  to  contribute  to  the  good  success  and 
prompt  realization  of  our  establishment,  have  undertaken  to  con- 
tribute, and  only  thus  has  it  been  possible  that  these  materials 
should  be  shipped  in  the  first  vessel  which  sailed  this  year  from 
the  United  States  for  Rio  de  la  Plata.  I  am  notified  that  these 
were  landed  April  1st  at  Buenos  Ayres ;  nevertheless  the  public 
calamity  which  has  weighed  upon  tnat  city  and  the  restrictions 
which  have,  in  consequence,  been  imposed  on  trade  in  other  parts 
of  the  republic,  have  thus  far  delayed  the  reception  of  this  last  part 
of  the  eififice.  When  they  reach  us  their  putting  together  will  be 
the  work  of  a  few  weeks,  thus  completing  the  Observatory. 

It  would  not  be  possible  for  me  to  recount  here  the  efilcient  aid 
which  your  institution  has  received  from  its  commencement  as 
well  from  the  authorities  of  the  Province  as  from  the  citizens  of 
Cordoba.  The  latter  authorized  me  on  my  arrival  to  choose  a  lot 
of  land  of  adequate  size  wherever  it  might  be  considered  most 
convenient,  and  have  since  conveyed  a  square  lot  of  216*9°*  a  side. 
Our  principal  instruments,  besides  clocks,  chronometers,  chrono- 
graphs and  meteorological  apparatus,  are  the  meridian  circle,  the 
great  equatorial,  the  small  equatorial  and  the  photometer.  All 
these  are  now  in  the  country ;  nevertheless  we  have  not  been  able 
to  avail  ourselves  of  any  one  of  them.  Without  an  embargo,  one 
month  more  will  suffice  in  my  judgment  for  their  collocation. 

Our  meridian  circle  was  made  by  Messrs.  Repsold  &  Son  of 
Hamburg,  whose  workshops  are  indisputably  the  most  reliable  for 
instruments  of  this  class.  The  lengtn  of  the  telescope  is  J  '484*"  ; 
the  aperture  of  its  objective  122""  and  the  divisions  of  the  circles 
permit  the  appreciation  of  a  single  second  by  means  of  the  micros- 
copes. The  whole  apparatus  is  mounted  on  two  pillars  of  white 
marble  from  the  Sierra  of  Cordoba,  which  are  laid  in  solid  masonry 
cement,  and  are  1*61*"  high  by  0*71"  wide.  Though  not  the  great- 
est nor  the  most  costlv  of  our  apparatus,  nor  indeed  of  the  greatest 
magnif^^in^  power  it  is  the  principal  instrument  in  a  certain  sense, 
since  with  it  will  have  to  be  executed  the  greater  part  of  our  labors 
in  the  next  2  or  d  vears.  The  ^reat  Equatorial  is  the  principal  in- 
strmnent,  if  we  take  into  consideration  its  imposing  size  and  its 
magnifying  power.  Not  having  ordered  it  early  enou<jh,  we  had 
not  supposed  that  it  would  be  finished  within  the  brief  time  at 
oor  disposal,  yet  I  have  had  the  fortune  to  be  able  to  procure  an 
objective  of  ^resLt  excellence,  the  work  of  Fitz,  a  distinguished 
optician  of  iTew  York.  Its  power  has  been  tried  by  the  astron- 
omer Rutherfurd.  The  celebrated  mechanicians,  Clark  &  Sons, 
have  undertaken  to  mount  it,  which  they  have  effected  with  the 
most  complete  success.  The  telescope  has  an  aperture  of  28<^", 
a  focal  distance  of  about  3"*63,  and  is  provided  with  clockwork. 
It  stands  upon  a  pillar  of  white  marble  of  a  height  of  1*91™,  under 
the  revolving  dome  of  the  east  tower.  The  small  Equatorial  has 
an  aperture  of  about  13"",  and  is  provided  with  two  circles  mi- 
nutely divided,  but  it  is  without  the  clockwork  apparatus.  It  also 
was  made  by  Clark  &  Son,  and  is  to  be  placed  in  the  south  tower. 
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In  the  north  tower  will  be  placed  the  photometer.  This  small, 
yet  most  beautiful,  instrument  is  the  work  of  Ausfeld  of  Gotha,  m 
Germany,  who  constnicted  it  under  the  immediate  Bupervision  of 
the  inventor  himself,  Professor  Zoellner  of  Leipsic.  This  instra- 
ment,  as  well  as  the  spectroscope  constructed  for  our  observatory 
by  Tauber  of  Leipsic,  and  which  we  have  not  yet  received,  is  the 
property  of  tlie  American  Academy  of  Arts  and  Sciences  of  Boston, 
which  has  entrusted  me  with  the  sum  of  $500  to  procure  the  neces- 
sary apparatus  for  the  study  of  the  light  of  the  southern  stai«, 
with  directions  to  turn  over  to  them  the  apparatus  acquired  with 
this  sum,  or  a  similar  amount,  as  may  appear  to  be  most  con- 
venient. I  do  not  disguise  the  confidence  which  I  cherish,  that 
these  instruments  may  be  retained  as  the  property  of  the  National 
Observatory,  in  view  of  their  rare  beauty  and  excellence. 

At  a  former  time  I  brought  it  to  the  knowledge  of  your  Excel- 
lency ,  that  the  great  delay  in  the  placing  of  the  instruments  and 
finishing  the  building  induced  me  to  form  a  plan  of  investigations 
which  at  the  same  tune  that  it  should  bring  into  action  the  "  per- 
sonnel '*  of  the  Observatory  might  also   conduce  to  useful  and 
efiective  results,  even  without  the  aid  of  the  large  instruments.    I 
informed  you  of  the  course  adopted  in  this  respect.     Without  lo«£ 
of  time  there  was  commenced  a  detailed  and  laborious  series  of 
observations  with  the  naked  eye  with  the  object  of  forming  a  cata- 
logue of  all  the  stars  thus  visible  in  the  Southern  heavens,  accord- 
ing to  position  and  degree  of  brilliancy  and  to  construct  thus 
a  system  of  maps  which  shall  represent  the  aspect  of  the  heav- 
ens in  these  latitudes.     Such  maps  do  not  now  exist,  nor  have 
there  been  many  accurate  detennmations  of  the  quantity  of  liirht 
of  the  stars  situated  to  the  south  of  the  Celestial  Equator.    My 
object  is  to  supply  this  want,  and  the  results  so  far  obtained  have 
so   fiir  exceeded   my  expectations  that  1  seriously  doubt  if  we 
could  have  done  more  for  the  progress  of  the  science  if  instriunents 
had  been  at  our  service.     As  far  as  I  can  estimate,  two-thirils,  at 
least,  of  the  labor  of  observation  and  computation  which  this  work 
demands  is  concluded — thanks  to  the  intense  application  of  mv 
assistants,  whose  devotion  in  this  regard  is  no  less  honorable  to 
themselves  than  useful  to  the  new  mstitution.     I  hope  that  thl-s 
work  will  be  concluded  and  given  to  the  press  before  the  end  of 
the  current  year.     The  results  will  appear  m  a  series  of  charts  of 
the  heavens,  as  they  present  themselves  to  the  naked  eye,  and 
which  will  comprehend  the  entire  firmament  from   10"  north  of 
the  P^quator  to  the  south  pole,  and  will  be  accompanied  by  a 
catalogue  of  the  stars,  arranged  by  constellations,  which  shall  in^li- 
cate  tlie  position  and  brilliancy  of  each  one  of  them.     This  work 
the  first  fruit  of  the  now  institution,  will  bear  the  name  of  "  Argen- 
tine Uranometry,"  and  no  exertion  on  my  part  shall  be  omitte^l 
that  its  publication  may  be  a  stanij)  of  honor  to  the  nation,  whicL 
with  so  much  zeal  and  enlightenment  is  taking  its  first  steps  in  tht 
path  of  a  higher  civilization. 

I  have  found  the  lu^aveiis  of  Cordoba  loss  serene  and  more  sal*- 
ject  to  clouds  than  I  had  hoped  according  to  the  received  iluta, 
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neverthelesB  when  they  are  clear  they  are  of  an  admirable  trans- 
parency, as  your  Excellency  may  appreciate  from  the  fact  that  we 
Dave  observed  and  reduced  to  the  maps  about  4500  stars  between 
the  10th  degree  of  north  declination  and  the  south  pole,  while  the 
Uranometry  of  Argelander,  which  contains  all  the  stars  visible 
without  instruments  between  the  north  pole  and  30°  of  south  lati- 
tude, contains  only  3256  stars.  If  the  Government  decides  upon 
the  publication  of  thesie  results,  as  I  cannot  doubt  will  be  the  case, 
I  am  of  opinion  that  the  new  process  of  photolithography  will 
supply  the  most  economical  and  accurate  method  of  executing  the 
maps — this  consisting  in  engraving  on  stone  by  means  of  photo- 
graphic reagents  the  maps  drawn  on  a  larger  scale. 

I  trust  that  the  completion  of  the  Uranometry  will  occupy  us 
only  a  few  months  more,  though  naturally  it  may  be  somewhat 
retarded  by  the  distraction  of  our  forces  in  using  the  instruments 
which  are  soon  to  come  into  activity.  Immediately  upon  conclu- 
ding the  slow  and  detailed  observations  which  the  collocation  oi 
the  instruments  demand,  I  propose  to  commence  a  systematic 
study  of  the  southern  hemispnere,  beginning  at  the  limit  to  which 
northern  astronomers  have  advanced.  The  very  valuable  obser- 
vations taken  at  Cape  Town,  at  Madras,  Melbourne  and  Santiago 
will  serve  for  a  beginning  to  this  labor,  which  is  designed  rather 
for  the  formation  of  a  complete  catalogue  of  all  the  stars  within  a 
certain  limit  of  brilliancy,  than  for  the  attainment  of  the  great- 
est possible  precision  in  the  determination  of  the  positions  of  a 
smaller  number.  This  work  proceeds  by  the  observation 
of  ^^  zones ''  of  stars,  which  are  intended  to  embrace  all  of  a  cer- 
tain brilliancy,  situated  in  a  given  region  of  the  heavens.  The 
same  proceeding  is  successively  repeated  up  to  the  definitive  explo- 
rmtion  of  the  entire  space  between  the  proposed  limits.  A  smii- 
Isr  examination  has  been  made  by  the  German  astronomers,  Bes- 
sel  and  Argelander,  in  all  the  heavens  to  the  north  of  the  30th 
decree  of  south  declination;  and  by  the  American  astronomer, 
GiTliss,  in  Santiago,  in  Chili,  in  the  region  extending  from  23°, 
more  or  less,  to  the  vicinity  of  the  South  Pole.  Though  these  last 
mentioned  observations  have  not  been  published,  yet  they  are  at 
this  moment  in  preparation  for  the  press  on  account  of  the  Gov- 
ernment of  the  United  States.  If  the  Argentine  National  Observ- 
atory could  codperate  by  filling  up  the  space  between  the  two 
series  of  sones  above-mentioned,  so  as  to  form  a  continuous  whole, 
the  scientific  world  would  appreciate  the  work,  and  offer  its  trib- 
ute of  gratitude  through  long  years  to  come. 

The  National  Congress  has  without  solicitation  from  Dr.  Gould 
provided  for  an  observer's  dwelling  upon  the  Observatory  grounds. 

The  report  goes  on  to  suggest  two  ways  by  which  the  Observa- 
tory can  be  of  especial  use  in  developing  the  science  of  the  coun- 
try— let,  by  the  telegraphic  determination  of  longitudes ;  and  2d, 
by  the  formation  of  a  system  of  meteorological  observations 
throughout  the  Republic 
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President  Sarmiento  and  the  Minister  of  Pablic  Instniction 
have  officially  approved  the  report,  and  promise  to  put  the  insti- 
tution  into  relations  with  the  national  establishments  of  public 
instruction,  in  order  to  carry  on  a  full  system  of  meteorologictl 
observations. 

2.  Encke^s  Comet, — A  view  of  Encke's  comet  was  obtained  at 
the  Observatory  of  the  Sheffield  Scientific  School  on  the  evening 
of  Oct.  13th.  It  was  barely  visible  as  a  difinse  nebula.  The  iS 
lowing  places  of  the  comet,  taken  from  an  ephemeris  by  S.  von 
Glasenapp  of  Pulkowa,  and  published  in  No.  1854  of  the  Aitfo- 
nomische  Ndchrichten^  may  be  of  interest  to  observers. 
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After  reaching  the  perihelion  December  29th,  the  comet  will  he 
too  near  the  sun  to  be  easily  observed.  In  1 829  the  comet  was 
first  seen  with  a  light-intensity  of  1*2.  In  1868  it  was  first  seen 
with  a  light  of  2*2.  On  the  night  of  Oct.  13th  the  light  was 
about  10,  according  to  von  Glasenapp's  ephemeris. 

3.  Discovery  of  new  Planet. — ^Dr.  Luther  of  Bilk  discovered  s 
new  planet  (117)  on  the  14th  of  Sept.  It  was  equal  in  brilliancy 
to  a  star  of  the  11th  magnitude. 

IV.  Miscellaneous  Scientific  Intelligence. 

1.  Midtoay  Islands^  in  the  North  Pacific, — It  is  well  known 
that  the  Hawaian  line  of  islands  is  continued  beyond  Kauai  in  a 
series  of  coral  islands  or  atolls,  which,  together  with  the  high  is- 
lands from  Kauai  to  Hawaii,  make  the  whole  length  of  the  Hawa- 
ian chain  full  2000  miles.  Some  of  these  islands  were  surveyed 
by  the  U.  S.  Government  in  1867,  with  reference  to  harbors  and 
a  place  of  depot  for  coal,  to  serve  as  a  half-way  station,  for  the 
North  Pacific  line  of  steamers.  We  take  the  following  facts  re 
specting  the  three  islands  particulary  surveyed,  from  the  Report 
to  the  Bureau  of  Navigation,  in  December,  1867,  of  Capt.  VVm. 
Reynolds,  U.  S.  N.  These  three  islands  are  Ocean  Island  in  lat- 
itude 28°  25'  N.  and  longitude  178°  25'  W  ;  Midwav  or  BrtH)k> 
Island,  in  28*  15'  N.  and  177°  20'  W. ;  and  Pearl  and  Herme*  Is- 
land in  27°  50'  N.  and  175°  50'  W. 
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In  Brooks  Island,  which  was  the  best  of  the  three  as  regards 
harbor,  the  encircling  reef  is  18  miles  in  circumference.  On  the 
west-north-west  side,  for  three  miles,  the  reef  is  mostly  wanting, 
and  there  are  3  to  10  fathoms  water.  At  the  northwest  point 
there  are  breakers ;  and  then  from  there,  along  by  the  east  side,  for 
4^  miles,  there  is  a  steep  wall  of  compact  coral  rock,  of  about  5  feet 
elevation,  and  only  6  to  20  feet  wide,  where  examined ;  beyond 
this,  the  wall  becomes  a  line  of  detached  rocks,  and  for  2  miles  is 
hardly  above  tide  level,  and  then  for  another  2  miles  under  water, 
except  at  low  tide ;  but  for  the  next  4 J  miles,  along  the  southern 
and  southwestern  sides,  there  is  again  a  continuous  wall  for  4 J 
miles.  There  is  no  vegetation  along  the  wall.  Whether  this  wall 
indicates  an  elevation  of  the  island  or  not,  it  is  difficult  to  say.  It 
is  more  probable  that  there  has  been  a  subsidence  of  four  or  five 
feet,  and  that  the  wall  is  onlv  the  ruins  of  the  coral  rock  that 
formed  the  dry  land  of  an  atoll  once  in  much  better  condition. 

The  only  harbor  entrance  is  on  the  west  or  leeward  side.  The 
harbor — called  Welles  Harbor — is  rather  larger  than  that  of  Hon- 
olulu (of  Oahu),  and  as  safe,  but  has  not  quite  as  much  water  on 
the  bar — the  depth  being  from  21  to  16  feet  at  low  water.  The 
entrance  between  the  reefs  is  800  feet.  On  the  southwest  reef  there 
is  a  small  island,  called  Middle  Brooks  Island,  whose  highest  point 
is  1 5  feet  above  the  sea;  its  vegetation  is  shrubs  and  grasses.  The 
lagoon  is  2  miles  long  and  \\  miles  in  its  greatest  width.  There 
are  many  clumps  of  coral  with  1  to  2  fathoms  over  them ;  but  the 
rest  of  the  bottom  is  of  white  coral  sand. 

Turtle  abound  on  the  island,  but  seals  were  seen  only  occasion- 
ally. Birds  were  very  numerous,  and  the  young  birds  were  so 
many  as  to  make  it  difficult  to  walk  any  distance  without  trampling 
on  them.  There  is  but  little  guano,  and  this  is  probably  owing 
to  the  condition  of  the  reef. 

Ocean  Island  is  much  like  Brooks,  in  having  a  wall  of  coral  rock 
on  its  northwest,  north  and  east  sides ;  the  north  side  reef  is  at  low 
tide  level.  There  is  no  ship  entrance  to  the  lagoon.  There  is  a 
green  islet  at  the  southeast  comer  like  that  of  Brooks  Island,  its 
height  above  the  sea  10  feet.     The  reef  has  a  circuit  of  145  miles. 

Pearl  and  Hermes  reef  closely  resembles  the  other  two,  but 
the  wall  is  rather  a  line  of  detached  rocks  than  a  continuous  par- 
apet. The  circunlference  of  the  reef  is  42  miles,  the  length  from 
east  to  west  being  16  miles,  and  that  from  north  to  south  16 
miles. 

2.  Eruption  of  the  Volcano  of  Colima  in  June^  1 869  ;*  by  Db. 
Charles  Sartobius. — To  the  northwest  of  the  town  of  Colima 
rise,  above  lower  mountains,  two  lofty  volcanic  peaks,  the  more 
easterly,  capped  with  snow,  being  3,790  metres  (12,434  feet)  in 
height,  the  more  westerly,  with  a  conspicuous  crater,  3,580  metres 
(11,745  feet).  The  latter  had  an  eruption  in  the  year  1818,  but 
has  since  remained  in  repose,  though  thin  clouds  of  smoke  have 
often  ascended  from  its  summit. 

On  the  12th  June,  1869,  a  dense  smoke  issned  from  the  crater, 
and  at  night  a  bright  light  was  visible  at  its  mouth ;  detonations 

*  Smithsonian  Report,  1869,  p.  42^. 
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like  the  discharge  of  distant  artillery  were  heard,  bat  no  concnsrion 
of  the  earth  took  place.  On  the  13th  there  was  observed  from 
the  hacienda  (farm)  of  San  Marcos,  fonr  leagues  distant  from  the 
volcano,  on  its  northeast  side,  at  the  foot  of  the  steep  cone,  a  glow- 
ing heaving  {AnachweUung)  of  the  surface,  which  continued  to 
increase,  and  displayed  intensely  luminous  clefts,  from  which  were 
ejected  smoke  and  red-hot  stones,  extending  in  the  direction  of 
the  snowy  peak  above  mentioned. 

The  civil  engineer,  Ricardo  Orosco,  ascended  the  volcano  on  the 
15th  of  June,  accompanied  by  two  servants  and  a  guide.  At  6 
o'clock  in  the  morning  he  left  San  Marcos,  and  reached  at  12 
o'clock  a  plain  at  the  foot  of  the  steep  cone,  where  he  left  the 
horses.  A  heavv  storm  was  prevailing,  the  temperature  of  the 
air  being  \(f  Reaumur,  (55^  F.)  On  a  second  small  plain,  upon 
the  northeast  side  of  the  mountain,  was  the  new  upheaval,  which 
ascended  to  the  scarp  of  the  cone  and  stretched  in  Uie  direction  of 
the  snowy  peak,  the  latter  being  4,500  metres  (2f  miles)  distant 
The  upheaval  in  question  seemed  to  be  some  35  metree  (114  feet) 
high  and  230  metres  (754  feet^  broad,  forming  a  flattened  arch. 
The  appearance  was  that  of  a  wild  mass  of  volcanic,  red-hot  rocks 
heaped  one  upon  another  and  constantly  in  motion,  not  unlike 
fresnly-bumt  ume  when  sprinkled  with  water.  The  rocks  which 
rolled  down  were,  on  cooling,  of  a  gray  color.  A  piece  broken  off 
rang  like  glass,  and  was  vitreous  and  porous.  In  the  middle  of 
the  upheaved  mass  the  movement  was  strongest ;  there  large  clefts 
and  iatense  light  were  displayed,  while  engulfed  stones,  which 
were  swallowed  up  in  great  masses,  were  followed  by  a  noise  as 
of  violent  wind  and  by  clouds  of  smoke,  sometimes  blue,  sometimes 
yellow.  The  temperature  of  the  air  in  the  vicinity  was  42°  R., 
(126°  F.)  The  stones  in  the  midst  of  the  heaving  mass  seemed  to 
be  softened,  though  not  melted,  and  no  flow  of  lava  took  place 
Orosco  ascended  the  cone  in  order  to  observe  the  phenomenon 
from  above.  This  cone  is  very  steep,  and  consists  of  sand  and 
volcanic  rubble.  The  temperature  on  the  summit,  which  was 
reached  at  2  o'clock  p.  m.,  was  found  to  be  4°  R,  (41®  F.)  From 
hence  the  whole  of  the  new  upheaval  could  be  surveyed.  In  the 
middle  of  it  the  most  vehement  movement  was  in  progress,  at- 
tended by  the  constant  upheaving  and  descent  of  rocky  masses, 
fire,  and  blue  and  yellow  columns  of  smoke. 

The  upper  (ancient)  crater  has  a  diameter  of  150  metre.-.  (492 
feet),  descends  in  a  cone-like  form,  and  shows  around  its  circum- 
ference many  fissures  and  rifts.  From  the  center  and  walls  arose 
a  dense  sulphurous  vapor.  The  gases  from  the  new  theater  of 
eruption  had  a  smell  like  that  of  burning  stone-coaL 

The  descent  was  very  toilsome  on  account  of  the  rolling  stones. 
At  3.30  p.  m.  the  horses  were  reached,  and  at  9.30  the  hacienda  of 
San  Marcos,  where  many  were  waiting  to  learn  the  result  of  the 
expedition.  The  report  of  Orosco  was,  that  the  district  was 
threatened  with  no  dane^er,  as  no  lava  was  issuing,  and  the  fissures 
being  open  gave  no  reason  to  fear  any  explosion  from  the  tension 
of  confined  vapors.     Later  explorers  of  the  volcano  found  a  fissure 
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from  the  new  upheaval  to  the  upper  peak,  one  to  three  feet  wide 
and  about  three  feet  m  depth,  but  neither  heat  nor  vapor  issuing 
from  it.  The  latest  reports  inform  us  that  the  same  phenomena 
in  general  continue  to  present  themselves,  but  that  such  volumes 
of  fetid  gases  issue  from  the  fissure,  that  the  inhabitants  of  the 
district  were  forced  to  leave  their  abodes.  Cows  and  sheep  were 
killed  thereby,  so  that  it  was  found  necessary  to  drive  away  the 
herds  from  the  neighborhood  of  the  volcano. 

8.  77^  YaruUions  of  Gravity  in  the  Western  Provinces  of 
Russia ;  by  A.  Sawitsch.  (Abstract,  M.  N.  Roy.  Astron.  Soc, 
June  9.) — A  CTeat  arc  of  the  meridian  having  been  measured  in 
Russia  with  all  the  precision  which  modern  methods  of  observation 
will  admit  of,  it  became  an  interesting  subject  to  examine  the  va- 
riations of  the  intensity  of  gravity  in  the  districts  traversed  by  this 
arc,  and  to  compare  the  progress  of  those  changes  with  the  varia- 
tions which  are  observed  in  the  direction  of  gravity  determined 
at  several  stations  by  astronomical  observations  and  geodetical 
operations.  An  extensive  series  of  pendulum  observations  was 
therefore  arranged  by  the  Academy  of  Sciences  of  St.  Petersburg, 
to  be  made  at  certain  stations  between  Tomea  in  Finland,  and 
Ismail  in  Moldavia,  selecting  only  those  points  of  which  the  geo- 
£praphical  positions  and  elevations  above  the  mean  level  of  the  sea 
were  determined  in  connection  with  the  great  arc  of  meridian.  The 
observations  between  Tomea  and  St.  Petersburg  were  made 
daring  the  sunmier  of  1865  by  M.  Sawitsch  and  M.  Lenz;  those 
between  St.  Petersburg  and  Ismail  were  made  in  1866  and  1868 
by  M.  Sawitsch  and  JVL  Smyslol 

M.  Sawitsch  gives  in  detail  thie  formulsB  used  by  him  in  the 
reductions,  and  also  the  results  of  the  observations,  which  are 
given  for  twelve  different  stations  situated  between  65^  51'  and 
46**  20'  north  latitude.  At  St  Petersburg  the  length  of  the 
seconds'  pendulum  found  directly  from  the  observations  is  440*958 
Paris  lines,  the  latitude  being  59°  56'  30". 

"Our  object  was  not  so  much  to  determine  the  absolute  length 
of  the  pendulum  as  to  collect  new  data  on  the  variations  of  gravity, 
and  to  compare  them  with  those  which  have  been  found  at  other 
stations  on  the  terrestrial  surface.  We  know  that  at  London  the 
length  of  the  simple  seconds'  pendulum  has  been  determined  with 
great  precision  by  Capt.  Kater  and  by  General  Sir  E.  Sabine ;  and 
that  tne  measures  made  in  Great  Britain  by  M.  Biot  agree  per- 
fectly with  those  obtained  by  the  English  savants,  while  those 
made  in  France  by  the  English  savants  give  the  same  results  as 
those  of  M.  Biot.  To  these  determinations  we  may  also  add  the 
observations  made  by  travelers  and  naval  officers  in  different 
parts  of  the  world.  To  connect  our  experiments  with  the  preced- 
ing system  of  researches,  without  a  breaking  of  continuity,  we 
prefer  not  to  adopt  our  direct  determination  of  the  length  of  the 
pendulum  at  St.  Petersburg,  but  rather  that  which  was  deduced 
nrom  the  oscillations  of  a  similar  invariable  pendulum,  observed 
by  M.  le  Comte  Luetke  at  St.  Petersburg  and  at  the  Royal  Obser- 
yatory  at  Greenwich;  the  difference  between  the  length  of  the 
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seconds'  pendulum  at  Greenwich  and  London  having  been  accn- 
rately  determined  by  Sir  E.  Sabine.  Thus  the  length  of  the  sim- 
ple seconds^  pendulum  being  known  at  London,  we  can  ealcokte 
Its  length  at  St.  Petersburg  according  to  the  relation  of  the  squares 
of  the  numbers  of  infinitely  small  oscillations  which  the  compar- 
ison pendulum,  reduced  to  the  same  temperature  in  vcunto,  has 
made  at  each  of  the  stations  in  a  mean  day.  In  this  manner,  the 
calculation  gives  for  the  length  of  the  simple  seconds'  pendulum 
at  St.  Petersburg  39-16976  English  inches  or  441-0319  Paris  lines. 
Assuming  this  length,  we  have  deduced,  as  the  result  of  our  ob- 
servations, the  values  contained  in  the  first  three  columns  of  the 
following  table. 


Place  of  obaervatlon. 


Latitude  N. 
*        /       n 


Loniritade  E.   Seconds  pendalmn 
from  Greenwich,      in  Pans  Unea. 


Length 
>conds  p 


of  the 


Tornea, 65  60  43 

Nicolaistadt, 63  5  33 

St.  Petersburg,    59  66  30 

R^val 59  26  37 

Dorpat, 58  22  47 

Jacobstadt, 56  30     3 

Wilna, 54  41     2 

B^lin, 52  2  22 

Kr^m^netz, 50  6     8 

EameDetz-Podolsk,.  48  4  39 

Kischinef, 47  1  30 

Ismail, 45  20  34 


h  m  8 
1   36  54 

1  26  26 

2  1  14 
1  39  1 
1  46  54 
1  43  4 
1  41  12 
1  40  62 
1  42  54 
1  46  18 
1  55  18 
1  55  16 


441-2525 
4411293 
441-0319 
4410190 
440-9762 
440-8900 
440-8353 
440-7268 
440-6533 
440-5844 
440-5278 
440-4479 


JBrron. 
Paris  UsM. 

+  O-O200 
—0-0141 
—0-0017 
+  00033 
—0-0002 
— 0-015T 
-0-0001 
-0-0035 
+  0-0017 
+  00160 
+  0-0030 
—0-0071 


To  examine  the  accuracy  of  each  of  the  results  M.  Sawitsch  has 
compared  the  length  of  the  pendulum  observed  at  each  station, 
with  the  corresponding  length  obtained  from  the  formulse  given 
in  his  paper.  The  residuals  are  as  given  in  the  fifth  column  of  the 
preceding  table;  the  sign  -|-  denoting  that  the  observed  length  is 
greater  than  the  calculated  length. 

The  sum  of  the  positive  residual  errois  is  -|-0*0440,  and  of  the 
negative  residual  errors  —0*0423. 

Thus  the  formula  agrees  well  with  the  equations  of  condition. 
With  regard  to  individual  errors,  they  depend  upon  errors  of  ob- 
servation and  uj)on  anomalies  in  the  intensities  of  terrestrial 
gravity;  but  it  is  difficult  to  discover  in  the  differences  given 
above  any  certain  traces  of  those  anomalies  and  of  the  local  causes 
which  produce  them. 

"In  the  work  of  W.  Struve  on  the  arc  of  meridian  between  the 
Danube  and  the  Arctic  Sea  is  a  detailed  discussion  of  the  latitudes 
of  the  principal  places  between  the  North  Cape  and  the  Danube. 
The  differences  in  latitude  found  directly  from  the  astronomical 
observations  vary  only  ±  l''-75  from  those  deduced  from  the  geo- 
detioal  operations.  Athough  these  differences  are  very  much  lar- 
ger than  the  errors  of  observation,  they  are  not  as  great  as  those 
whicli  may  be  found  in  corresponding  operations  in  other  coimtrics. 
Our  stations  are  in  the  noigliborhood  of  the  places  discussed  by  M. 
Striive;  so  that  it  appears  that  in  the  great  plains  of  Western  Kn^• 
sia  the  directions  and  intensities  of  gravity  are  not  subject  to  ano- 
malies which  change  sensibly  from  one  of  our  stations  to  another." 
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4.  Zoological  Results  of  the  1870  Dredging  Expedition  qf  the 
Yacht  "  Noma  "  ojf  ths  coast  of  Spain  and  Portugal  /  by  W.  S. 
Kent. — A  detailed  list  of  the  numerous  species  collected  through- 
out the  cruise  being  in  course  of  preparation  fof  the  more  techni- 
cal and  exhaustive  report  to  be  presented  to  the  Royal  Society, 
I  here  propose,  commencing  at  the  lowest  animal  group,  to  briefly 
enumerate  some  of  the  more  important  forms  taken,  adding  such 
remarks  on  the  characters  or  connecting  circumstances  which 
render  them  more  especially  deserving  of  attention.  Of  all,  the 
sub-kingdom  of  the  Protozoa  has  perhaps  fuinished  us  with  the 
most  abundant  and  valuable  material,  the  sponge  class  in  particu- 
lar contributing  many  novelties.  Before  leaving  British  waters 
even,  the  few  hours  spent  in  shore-collecting  at  Guernsey, 
already  alluded  to,  resulted  in  the  accession  of  three  new  species 
of  the  genera  Isodictya  and  Si/meniacidon^  which  I  have  placed 
at  the  disposal  of  my  kind  friend  Dr.  Bowerbauk,  to  be  described 
by  him  in  his  supplementary  volume  of  the  "  British  Spongiadse," 
now  closely  approaching  completion.  The  moderate  dopth  within 
the  Laminarian  and  Coralline  zones,  from  the  shore  line  down 
to  fifly  fathoms,  at  which  we  collected  and  dredged  in  Vigo  Bay 
and  afterward  farther  south  in  the  neighbourhood  of  Setubal  and 
the  Sado  river,  proved  remarkably  productive  of  species  belong- 
ing to  the  same  group,  as  also  to  that  of  the  Calcarea  or  calca- 
reous spiculed  sponges,  including  Sycon  and  Grantia,  &c.  The 
most  interesting  of  any,  however,  were  the  species  belonging 
to  the  Hexactinellidae,  or  hexradiate  spiculed  sponges,  of  which 
the  beautiful  JSupUcteUa  and  Hyalonema  form  familiar  examples. 
Nine  species  belonging  to  this  group  were  obtained  at  a  depth 
varying  from  400  to  860  fathoms  off  Cape  Espichel  and  Cezimbra, 
including  Hyalonema^  Dactylocalyx^  AphrocaUistes  Bocagii^  La- 
nw^me^jE>Mjt?a,  and  four  other  species  new  to  science,  three  out 
of  which  necessarily  constitute  the  types  of  new  genera,  the 
residue  again  furnishing  data  enabling  us  better  to  appreciate  the 
characters  and  distinctions  of  those  previously  made  known  to  us. 
The  form  belonging  to  the  same  group,  and  described  by  myself 
as  PJieronenia  Grayi^  and  exhibited  at  the  last  meeting  of  this 
Association,  is  the  most  conspicuous  among  all  these  on  account 
of  its  size,  and  I  would  here  add  a  few  more  words  in  reference 
to  this  particular  type.  Since  last  year  I  have  been  afforded  the 
opportunity  of  examining  and  comparing  my  own  with  numerous 
specimens  of  Prof.  Wy  ville  Thomson's  HoUejiia  Carpeiiteri  taken 
in  the  North  Sea  and  also  in  the  Atlantic,  and  from  an  evolu- 
tionist's point  of  view,  this  examination  has  led  me  to  regard  my 
specimens  as  holding  rather  the  rank  of  a  well-marked  local 
variety  than  of  a  distinct  species  as  I  at  first  premised.  A  com- 
parison of  the  specimens,  now  placed  side  by  side  in  the  British 
Museum  (collection,  will,  I  think,  suffice  to  prove  to  all  those  inte- 
rested in  this  subject  how  strongly  marked  as  varieties  these  two 
forms  are.  Meanwhile,  the  generic  name  oi'  Pheronema^  adopted 
by  myself,  I  still  retain,  as  iconsider  both  Prof  Wyville  Thomp- 
son's form  and  ray  own  to  be   local   varieties  of  another  species 
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first  described  by  Dr.  licidy  of  Philadelphia  as  Pheronema  anna^ 
and  a  letter  recently  received  from  Dr.  Leidy  himself  more  fully 
convinces  me  of  this,  though  he  has  not  yet  bestowed  on  it  the 
minute  microscopical  investigation  of  its  structure  needed  for  the 
effectual  clearing  up  of  this,  at  present,  doubtful  point. 

In  my  description  of  other  sponges  belonging  to  this  same 
Hexactinellate  group,  read  before  the  Royal  Microscopical  So- 
ciety, and  published  in  their  "  Transactions''  for  November,  1870, 
I  have,  in  creating  a  new  genus  and  species,  Askanenia  JSetuba- 
lense^  erroneously  associated  Prof.  Thompson's  name  with  it  as 
having  once  pronounced  the  form  to  be  of  vegetable  and  not 
animal  organization.  The  mistake  arose  from  the  misconoeptioD 
of  a  name  singularly  similar  in  euphony  as  pronounced  to  me  by 
Prof  du  Boeage,  and  I  here  avail  myself  of  the  opportunity  of 
rendering  Prof.  Wyville  Thompson  that  amende  honorable  I'feel 
myself  in  duty  bound  to  accord  to  him. 

Passing  next  to  the  class  of  the  Foraminifera,  our  gatherings 
have  been  remarkably  rich  both  from  the  coralline  and  abyssal 
zones,  the  latter  furnishing  us  with  numerous  arenaceous  types 
{Rhabdominay  &,c.\  and  the  former  being  notably  abundant  in 
species  and  varieties  of  Lagena  and  CrisUUaricL  Many  of  these 
forms  are  new  to  science  and  await  description. 

The  Ccelenterate  sub-kingdom  has  likewise  fumisbed  several  new 
and  rare  forms,  including  among  the  latter  category  an  example 
of  Hyalopatlies  pyramidalis^  M.  Edw.,  one  of  the  Antipathiide 
now  represented  for  the  first  time  in  our  national  collection,  if  not 
ill  this  country.  In  the  Alcyonarian  group,  YeretUluiu  cynomo- 
rlum^  first  taken  sparingly  m  Vigo  Bay,  and  afterward  abun- 
dantly in  the  Laminarian  zone  near  Setubal,  excited  our  warmest 
admiration. 

Nothing  can  exceed  the  beauty  of  the  elegant  opaline  polyps 
of  this  zoophyte  when  fully  expanded,  and  clusterea  like  nowers 
on  their  orange-colored  stalk;  a  beauty,  however,  almost  equalled 
by  night  when,  on  the  slightest  irritation,  the  whole  colony  glows 
from  one  extremity  to  the  other  with  undulating  waves  of  pale 
green  phosphoric  light.  A  large  bucketful  of  these  Alcyonaria 
was  experimentally  stirred  up  one  dark  evening,  and  the  brilliant 
luminosity  evolved  produced  a  spectacle  too  brilliant  for  words  to 
describe.  The  supporting  stem  appeared  always  to  be  the  chief 
seat  of  these  phosphorescent  properties,  and  from  thence  the  scin- 
tillations traveled  onwards  to  the  bodies  of  the  polyps  themselves. 
Some  of  the  specimens  of  this  magnificent  zoophyte  measured  as 
much  as  ten  inches  from  the  proximal  to  the  distal  extremity  of 
the  supporting  stalk,  while  the  individual  polyps,  when  fully 
exserted,  protruded  upwards  of  an  inch-and-a-half  firom  this  infla- 
ted stalk,  and  measured  as  much  as  an  inch  in  the  diameter  of 
their  expanded  tentacular  discs. 

Numerous  Polyzoa  were  also  dredged  up  from  the  various 
depths,  many  of  which  remain  yet  to  be  identified;  but  the  allied 
group  of  the  Tunicata  has  perhaps  furnished  by  far  the  moat  iDte^ 
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iting  material  of  the  whole  molluscoidan  sub-kingdom ;  surface- 
cimmin^s  one  morning  near  the  mouth  of  the  Sado  river  having 
awarded  us  with  numerous  specimens  of  an  AppendictUaria^ 
hich,  from  notes  and  sketches  made  at  the  time  of  their  capture^ 
have  since  found  to  have  presented  phenomena  seemingly  not 
et  observed  by  any  other  naturalist.  Hitherto  these  organisms 
ave  been  presumed  to  constitute  a  distinct  genus  of  Tunicata 
iter  «e,  or  otherwise  to  be  the  larval  conditions  of  higher  forms, 
[y  own  observations,  however,  recorded  in  the  last  July  number 
f  the  "  Quarterly  Journal  of  Microscopical  Science,"  have  led  me 
)  believe  that  they  are  the  free  swimming  reproductive  zooids  of 
[gher  Tunicates,  bearing  the  same  relation  to  them  as  many  free 
vimming  Medusoe  do  to  some  stationary  hydroid  colony.  At 
le  greater  depth  of  600  and  800  fathoms,  vanous  species  of  Ter- 
trcUiUcB  were  taken  as  representative  of  the  class  Brachiopoda. 

Ascending  yet  higher  to  the  sub-kingdom  of  the  Mollusca,  a 
•rge  variety  of  interesting  species  rewarded  our  researches.  In- 
tided  among  these  were — tusus  contrariuSy  a  common  fossil  of 
le  Norfolk  crag  recently  discovered  in  the  living  state  in  Vigo 
ay  by  Mr.  Mc Andrew,  and  dredged  by  us  in  the  same  locality ; 
so  a  species  of  Cassis,  remarkable  from  its  being  more  closely 
lied  to  C,  Saburon  and  other  species  inhabiting  the  Japanese 
id  Chinese  seas  than  to  any  of  its  Mediterranean  or  Atlantic  con- 
eners.  This  circumstance  of  its  affinitv  is  the  more  remarkable 
ben  associated  with  the  occurrence  of  a  species  of  Hyalonema 
W.  lusitanica)  off  the  same  coast,  likewise  scarcely  distinguishable 
om  the  more  familiar  Japanese  form  -ff  Sieboldi, — Naturey  Oct.  5. 

6.  Destruction  of  the  Museum  of  the  Chicago  Academy  of 
ciences. — Among  the  devastations  of  the  great  Chicago  £re,  not 
le  least  in  importance  was  the  burning  of  the  Museum  of  the 
hicago  Academy  of  Sciences.  The  building  was  supposed  to  be 
re-proof,  but  a  letter  to  Professor  Agassiz  from  Dr.  Wm.  Stimp- 
>n,  the  Curator,  says,  "  it  collapsed  like  a  bubble  in  the  intense 
3at,  as  did  indeed,  all  other  'fire-proof  buildings  in  the  city." 
he  Museum  contained  the  largest  collection  of  Crustacea  in  the 
orld,  "  filling,"  as  the  same  letter  says,  "  more  than  ten  thousand 
jw,"  included  the  very  extensive  suite  of  specimens  and  species, 
ren  to  the  types  of  all  the  many  new  species,  gathered  by  Prof. 

D.  Dana  in  the  Wilkes  Exploring  Expedition  in  the  Atlantic 
id  Pacific  Oceans,  the  basis  of  his  Report  of  1,500  pages  in 
)55  on  that  subject ;  and  also  the  large  collections  made  by  Dr. 
dmpson  himself  in  his  cruise  in  the  Ringgold  Expedition  to  the 
orth  Pacific,  besides  his  recent  collections  from  the  Gulf  of 
[exico,  and  specimens  from  various  other  sources.  There  were 
BO  the  alcoholic  specimens  of  other  invertebrata,  obtained  by 
le  Wilkes  Exploring  Expedition,  and  those  of  Dr.  Stimpson's 
irn  Pacific  and  Gulf  collection.  There  were  also  in  the  Museum, 
ifortunately,  the  Crustacea  dredged  up  by  Mr.  de  Pourtales  in 
B  late  dredging  expeditions,  these  having  been  sent  there  for 
)8cription  and  a  final  report 
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Dr.  Stimpson  writes,  that  besides  his  private  collections,  all  hk 
books  and  his  manuscripts,  the  result  of  twenty  years  of  labor,  are 
gone.  He  says,  "Everything  of  value  that  I  haa  in  the  world  was 
deposited  in  the  building  wt  safety,  and  I  am  now  left  utterly 
destitute."  Dr.  Stimpson  had  published  only  brief  descriptions 
of  the  species  collected  by  him  m  the  North  Pacific  ezpeaitioii, 
and  had  been  engaged  during  the  past  two  years,  along  with  an 
artist,  in  preparing  for  the  press  a  full  report,  with  detailed  illus- 
trations of  all  the  species.     These  are  among  the  lost. 

Dr.  Stimpson  is  one  of  the  ablest  and  most  energetic  workers  in 
zoology  in  the  country ;  and  he  deserves  something  more  than  ordi- 
nary commiseration.  Should  a  scientific  library  be  restored  to  him 
by  gifts  from  others  over  the  world,  and  from  owners  of  duplicate 
copies  of  zoological  works,  it  would  not  be  more  than  a  just  return 
for  all  his  unwearied  labor  in  the  cause  of  science. 

6.  £Jarthquake  ifi  New  Jerstt/,  Delaware^  and  Penn9ylv€mia  ;  by 
W.  C.  Taylob.  (From  a  letter  to  Prof.  Newton,  dated  Uaddou- 
field,  N.  J.,  Oct.  10,  1871.) — The  earthquake  which  was  felt  in 
Delaware  yesterday  was  very  distinctly  observed  in  this  place. 
The  time  noted  by  one  of  our  school  teachers  here,  an  exact  ob- 
server, was  20'  before  10  a.  m.,  the  same  as  that  stated  by  the 
Wilmington  writers. 

The  noise  heard  in  Haddonfield  was  similarly  described  by  all 
observers  as  resembling  the  dragging  of  heavy  furniture  over  the 
upper  floors  of  the  houses,  or  the  rumbling  of  heavily-laden  wag- 
ons along  the  streets.  It  was  sufliciently  startling  to  bring  some 
persons  to  their  doors,  to  look  for  the  cause  of  the  disturbance. 

In  a  subsequent  letter,  Mr.  Taylor  states  that  tlie  shock  was  felt 
also  in  Philadelphia,  at  the  same  time,  20'  before  10.  The  shock 
was  felt  at  Dupont's  powder  mills,  where  there  was  not  an  explo- 
sion, as  has  been  suggested. 

OBITUARY. 

Peter  D.  Kxieskern,  M.  D.,  died  at  Shark  River,  New  Jersey, 
on  the  12th  of  September  last.  He  was  bom  at  Beme,  Albany 
county,  N.  Y.,  June  11,  1798.  When  a  boy  his  love  of  nature 
and  of  books  was  such  that  his  father  despaired  of  making  a  far- 
mer of  him,  and  he  consequently,  but  with  great  difficulties,  found 
his  way  to  a  liberal  education.  He  took  his  medical  degree  ahont 
the  year  1829  or  1830,  at  Fairfield  (College  of  Physicians  and  Sur- 
geons of  the  Western  District,)  N.  Y.,  then  a  famous  school  oi 
medicine.  He  early  became  passionately  fond  of  Botany,  was  an 
indefatigable  collector  and  a  keen  observer.  Few  botanists  hare 
excelled  him  in  their  knowledge  of  the  plants  of  the  region  in 
which  he  resided,  and  none  in  zeal,  simplicity  and  love  of  stMence 
for  its  own  sake.  Neither  poverty  nor  want  of  opportunity  and 
companionship  appear  to  have  discouraged  him,  although  they 
restricted  his  researches  to  a  comparatively  narrow  field.  He 
first  established  himself,  as  a  physician,  at  New  London,  then 
removed  to  Oriskany,  N.  Y.  He  published  in  the  Report  of  the 
Regents  of  the   University   for   1842,   a   catalogue  of  plants  of 
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Oneida  county,  of  which  Dr.  Torrey  took  occasion  to  speak  in  the 
highest  terms,  while  also  acknowledging  the  most  efficient  aid 
which  Dr.  Knieskem  had  rendered  him  in  the  preparation  of  his 
Flora  of  the  State  of  New  York.  In  the  year  1841,  upon  Dr. 
Torrey's  recommendation,  he  removed  to  a  new  field,  which  seemed 
to  offer  an  opening  for  a  medical  man,  while  it  afforded  a  richer 
harvest  of  rare  plants  than  any  other  district  in  the  Northern 
Atlantic  States,  viz :  the  Pine  barrens  of  New  Jersey.  He  lived 
first  at  Manchester,  Ocean  county ;  six  years  later  he  removed  to 
Squam  Village,  Monmouth  county,  and  six  years  afterwards  to 
Shark  River,  where  he  remained  to  the  end.  Over  this  whole  pro- 
lific and  peculiar  pine-barren  region  he  botanised  with  utmost  assi- 
duity ana  skill,  and  amassed  a  large  number  of  specimens,  which, 
as  age  advanced  have  accumulated  on  his  hands,  and  which,  it  is 
hoped,  may  be  disposed  of  for  the  benefit  of  his  family.  It  should 
be  especially  rich  m  Carices,  to  which  he  devoted  much  attention ; 
and  several  most  interesting  species  are  almost  peculiar  to  that 
district  or  even  to  some  few  localities  in  it.  The  character  of  that 
flora  may  be  gathered  from  the  catalogue  of  the  plants  of  parts 
of  Ocean  and  Monmouth  counties.  New  Jersey,  which  Dr.  Knies- 
kem published,  and  from  a  greatly  extended  edition  of  it  which 
subsequently  appeared  as  a  contribution  to  the  Geological  Survey 
of  the  State.  What  particular  course  will  be  adopted  in  reference 
to  these  botanical  reliquicCy  the  writer  of  this  notice  is  at  present 
unable  to  say.  But  those  wishing  for  information  may  address 
communications  to  him,  or,  which  is  better,  to  the  Rev.  Samuel 
Lock  wood.  Freehold,  New  Jersey,  to  whom  we  are  indebted  for 
the  facts  relative  to  Dr.  Knieskem's  later  life.  He  informs  us 
that  his  lamented  friend  died  of  paralysis,  in  his  74th  year,  with 
unclouded  intellect,  the  same  simple-hearted,  truly  but  most  un- 
pretendingly good  and  faithful  man  that  he  had  always  been.  At 
least  two  species  of  his  own  discovery  bear  his  name,  and  both 
are  of  the  Sedge  Family,  in  which  he  especially  delighted.  These, 
and  the  repeated  mention  of  his  discoveries  in  various  works  will 
keep  his  memory  green  and  name  perennial  in  American  Botany 
long  after  the  few  surviving  companions  of  his  youth  have  passed 
like  him  to  another  world.  a.  g. 

John  Edwards  Holbrook,  of  South  Carolina,  died  at  Norfolk, 
Massachusetts,  on  the  8th  of  September.  He  was  bom  at  Beau- 
fort, S.  C,  in  1794,  and  graduated  at  Brown  University ;  and  since 
1824  has  occupied  the  position  of  Professor  of  Anatomy  in  the 
State  University  of  South  Carolina.  He  is  chiefly  known  from  the 
extent  and  magnificence  of  his  works  upon  the  reptiles  of  North 
America,  and  upon  the  fishes  of  South  Carolina.  Of  these  the 
first-mentioned  appeared  in  its  completed  form  in  1842,  occupying 
five  quarto  volumes,  and  giving  figures  and  descriptions  of  all  the 
species  of  reptiles  then  known  in  the  United  States — about  one 
hundred  and  sixty  in  number.  Some  volumes  had  been  previously 
published  and  canceled  by  the  author  in  consequence  of  their  sup- 
posed imperfection.    The  advance  in  our  knowledge  of  American 
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reptiles  since  that  time  may  be  learned  from  the  fact  that  we  tre 
at  present  acquainted  with  not  far  from  five  hundred  species. 

The  work  on  the  fishes  of  South  Carolina  was  equally  difficult 
to  bring  to  a  conclusion  satisfactory  to  its  author,  several  nnmben 
having  oeen  canceled  and  replaced.  The  publication,  indeed,  was 
never  entirely  finished,  the  commencement  of  the  civil  war  having 
interfered  with  its  completion,  although,  as  it  stands,  it  embraces 
the  only  available  series  of  illustrations  of  the  greater  part  of  the 
Southern  species.  It  is  said  that  a  eulo^ium  upon  Dr.  Holbrook 
is  to  be  delivered  before  the  Boston  Society  of  Natural  Uistory 
by  Professor  Agassiz  at  some  future  day. — Jiarper's  Weekly. 

James  De  Ca&lb  Sowebby,  died  August  20th,  at  the  age  of 
84.  Mr.  Sowerby  was  well  known  as  a  naturalist ;  still  better, 
however,  as  an  artist,  his  illustrations  of  shells,  plants,  and  other 
objects  of  natural  history  being  considered  of  superior  excellence, 
and  gracing  the  pages  of  many  of  the  more  important  works  of 
natural  history  published  in  England  for  many  years  past  It 
was  in  the  branches  of  oonchology  and  botany  that  be  was  most 
prominent ;  in  the  latter  department,  mainly  in  connection  with 
what  is  known  as  "  Sowerby's  English  Botany,"  intended  to  give 
a  life-size  colored  figure  of  every  British  }>lant;  and  of  which 
eighty-one  fasciculi,  or  ten  volumes,  are  already  published  at  t 
cost  of  over  SI 0,000  per  set. — Athenoeum, 

Siu  RoDKRicK  Impby  Mubchison,  the  eminent  geologist,  died 
in  London  on  the  2dd  of  October,  aged  79,  having  been  bom  in  1 792. 
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1.  Tlie  Linn- Base  decimal  system  of  Weights ^  Jfeaeures  and 
Money  ;  by  W.  Wilberfobce  Manx.  New  York,  1871.  pp.  20.— 
This  system  is  based  upon  the  following,  as  principal  units :  the 
li7in=.l  dekameter ;  the  arr=.l  sq.  dekameter;  the  soUzzzl  capp 
=  1  liter;  the pouddzzi]  kilogram,  and  the  monn=5  francs.  The 
multiples  ascend  by  tens  by  the  Greek  prefixes,  Hena-,  Dua-, 
Tria-,  Tetra-,  ifcc,  and  the  parts  descending  by  tens  are  denoted 
by  Latin  prefixes,  Primi-,  Bini-,  Tern-,  <fec. 

2.  Earthquakes^  Volcanoes  and  Mountain  building  ;  by  J.  D. 
Whitney.  108  pp.  8vo. — Three  articles  published  in  the  North 
American  Review.  A  valuable  and  interesting  discussion  of  many 
of  the  views  connected  with  the  three  subjects  mentioned  in  the  title, 
with  the  results  of  the  author's  own  important  investigations. 

3.  The  Minerals  arid  Geology  of  Central  Canada:  a  hand- 
book for  practical  use  ;  by  E.  J.  Chapman,  Prof  in  University 
College,  Toronto,  and  Consulting  Mining  Engineer. — This  is  a  sec- 
ond and  enlarged  edition  of  Professor  Chapman's  Hand-book.  It 
contains  the  only  systematic  account  of  Canadian  Mineralogy, 
and  a  brief  sketch  of  its  Geology. 

Three  and  four  place  tables  of  Logarithmic  and  Trigonometric  Functions.  By  ProC 
J-  M.  Pierce,  of  Harvard  University.     Ginu  Brothers,  Boston,     pp.  16. 

Elements  of  Trigonometry.  By  Prof.  E.  Olney,  of  the  UniversJty  of  Michigan, 
flhelton  &  Co.,  N.  Y. 

Oeneral  Geometry  and  ColcuttiB,    By  the  same  author  and  publishers. 
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Art.  XLIX. — On  the  Geological  History  of  the  Oulf  of  Mexico; 
by  K  W.  HiLGARD,  of  the  University  of  MississippL* 
With  a  Map. 

The  colored  outline  map  before  you,  without  much  preten- 
sion to  accuracy  of  detail,  shows  the  general  geological  features 
of  the  great  embayment,  once  a  portion  of  the  Gulf  of  Mexico, 
whose  axis  is  now  marked  by  the  course  of  the  Mississippi 
river,  from  southern  Illinois  to  its  mouth.  I  have  compiJed 
this  map  from  the  best  data  now  extant,  accessible  to  me,  with 
a  view  to  the  better  elucidation  of  the  succession  and  character 
of  geological  events ;  and  especially  with  a  hope  of  bringing  to 
bear  upon  the  later  formations  of  the  interior  of  the  continent,  the 
chronological  record  here  left  by  the  retiring  waters  of  the  sea. 
Marine  deposits  being  better  understood  and  more  available  for 
general  comparison  and  conclusions  than  those  of  inland  lakes, 
the  series  here  shown  would  seem,  by  its  original  connection 
with  the  interior  ba^sins,  to  promise  a  key  to  the  determination 
of  equivalence  in  time,  that,  in  view  of  the  violent  disturbances 
in  the  Rocky  Mountain  region,  it  might  be  diiRcult  to  find  in 
that  portion  of  the  continent 

The  subject  matter  of  the  present  communication  is,  for  the 
greater  part,  embraced  in  publications  made  bv  myself  during 
the  past  ten  years ;  and  to  these  publications  1  must  refer  for 
the  corroborative  detail,  which  in  this  general  summary  would 
be  out  of  place. 

*  Read  before  the  American  Aseodation  for  the  Advanoement  of  Science,  at 
Indianapolis,  August,  1871. 
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Cretaceous  period. 

The  most  ancient  shore-line  of  the  Mississippi  embajment  is 
formed  mainly  by  the  various  stages  of  the  Carboniferous  rocks. 
It  is  only  in  eastern  Alabama  and  the  adjoining  portion  of 
Georgia,  that  the  Silurian  and  metamorphic  rocks  formed  the 
shore  of  the  Cretaceous  seas.  The  deposits  of  the  latter  period 
have  been  traced  by  SaflFord  up  to  the  Kentucky  line,  along  the 
western  foot  of  the  paleozoic  ndge  which  compels  the  Tennessee 
river  to  make  its  long  detour  northward ;  and  the  Cretaceous 
outcrop  doubtless  extends,  in  a  northwesterly  direction,  some 
distance  into  Kentuckv. 

In  the  portion  of  this  belt  embraced  within  the  States  of 
Mississippi  and  Alabama,  the  dip  is  sensibly  at  right  angles  to 
the  trend  (i.  e.,  between  W.  and  S.)  at  the  rate  of  twenty  to 
twenty-five  feet  per  mila  In  its  southerly  portion  especially, 
the  Cretaceous  beds  are  very  distinctly  divided  into  three  prin- 
cipal stages,  viz : 

1.  A  lower  one  300  to  400  feet  thick — Coffee  group  of  Saflford 
(Eutaw  group  mihi\ — consisting  of  non-calcareous  sands,  and 
blue  or  reddish  lammated  clays,  with  occasional  beds  of  lignite, 
and  but  very  rarely  (Finch's  Ferry  in  Alabama)  marine  fossils, 
silicified;  corresponds  doubtless  to  Hayden's  Dakota  group, 
including,  perhaps,  in  its  upper  part  the  equivalents  of  the  Fort 
Benton  group,  to  whose  fossils  those  of  Finch's  Ferry,  collected 
by  Tuomey,  bear  a  close  analogy. 

2.  The  middle  or  Rotten  limestone  group,  not  less  then  1,200 
feet  in  maximum  thickness.  Soft,  mostlv  somewhat  clavev, 
whitish,  micro-crystalline  limestones  and  calcareous  clays ;  very 
uniform  on  the  whole,  if  we  except  the  locally  important,  but 
not  generally  extant,  feature  of  the  "  Tombigby  Sand,"  the 
special  home  of  Inocerami,  Selachians,  and  gigantic  Am- 
monites. 

3.  Ripley  group:  crystalline,  sandy  limestones,  alternating 
with  dark  colored  glauconitic  marls  containing  finelj^  preserved 
fossils.  Thickness  300  to  350  feet.  Equivalent  of  the  highest 
bed  of  the  Cretaceous  of  New  Jersey,  and  doubtless  of  Hayden's 
Fox  Hills  beds. 

How  far  the  Rotten  limestone,  as  a  whole,  may  be  considered 
as  embracing  the  whole  of  the  series  intervening  between  Hay- 
den's  Fox  Hills  beds  and  Dakota  group,  remains  to  be  shown. 
The  fauna  of  the  Tombigby  sand  sub-group  is  distinguished,  as 
already  stated,  by  the  great  number,  both  of  individuals  and 
species  of  Inocerami,  and  of  remains  of  (chiefly  Selachian)  fish«. 
wherein  it  corresponds  to  Hayden's  Niobrara  division  ;  its  fossik 
have  been  partly  named  and  described  (somewhat  imperfectly) 
by  Tuomey.*     According  to  Hayden's  view  of  the  New  Jersey 

♦  Proceed.  Philad.  Acad. 
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equivalents,  the  Rotten  limestone  would  be  represented  by  his 
Fort  Pierre  group. 

The  distinctive  features  of  these  several  groups  become  less 
marked  the  farther  we  advance  northward,  even  in  Mississippi 
Non-fossiliferous  or  lignitic  clays  and  sands  mingle  with  the 
marine  strata ;  and  become  altogether  predominant,  it  would 
seem,  near  the  northern  termination  of  the  outcrop.* 

West  of  the  Mississippi,  the  continuous  Cretaceous  outcrop 
does  not  extend  as  far  northward  as  on  the  east  side,  by  some 
150  miles.  Nor  have  the  more  ancient  lignitiferous  beds 
(Coffee  group)  been  observed  there,  with  certainty,  within  the 
limits  of  this  map.  The  Cretaceous  area  of  Arkansas,  according 
to  Owen^s  description,  falls  almost  altogether  within  the  limits 
of  the  Rotten  limestone  group ;  and  the  same  seems  to  be  true 
of  the  greater  part  of  the  Cretaceous  area  of  northern  and 
middle  Texas.  Nevertheless,  the  series  of  isolated  Cretaceous 
outliers,  which  traverses  Louisiana  from  the  head  of  Lake 
Bisteneau  in  a  S.S.E.  direction,  terminating  probably  in  the 
great  rock-salt  mass  of  Petite  Ansef ,  exhibit  the  main  charac- 
teristics of  the  Ripley  group ;  while  deep  borings  have  demon- 
strated the  presence,  for  a  thousand  feet  beneath,  of  the  uniform 
Rotten  limestone,  such  as  it  exists  on  the  prairies  of  Mississippi 
and  Alabama.  I  have  elsewhere:]:  stated  the  stratigraphical  as 
well  as  lithological  reasons  which  induce  me  to  consider  both 
the  rock-salt  of  Petite  Anse,  and  the  sulphur  and  gypsum  de- 
posits of  Calcasieu,  as  lying  within  the  limits  of  the  Cretaceous 
formations. 

The  data  given  by  D.  D.  Owen  seem  to  assign  to  the  Cretace- 
ous strata  of  Arkansas  a  dip  S.  or  slightly  W.  of  S.  The  out- 
liers in  Louisiana  are  too  limited  in  extent  for  determinations 
of  dip ;  but  it  can  scarcely  be  doubted  that  they  represent  the 
summits  of  a  (more  or  less  interrupted)  ancient  ridge,  a  kind  of 
"backbone"  to  the  State  of  Louisiana,  whose  resistence  to 
denudation  has  measurably  influenced  the  nature  and  confor- 
mation of  subsequent  deposits.  It  is  fair  to  presume  that  from 
this  ridge  the  strata  dip  toward  the  axis  of  the  Mississippi 
Valley,  to  meet  those  on  the  opposite  side ;  and  the  depth  at 
which  these  beds  are  found  in  the  Calcasieu  bores,  seems  to 
indicate,  on  the  western  slope,  a  south-southwesterly  dip  of 
three  to  four  feet  per  mile.  A  glance  at  the  map  shows,  never- 
theless, that  the  general  form  of  the  northern  Gulf  shore  was 
Dot  materially  influenced  by  the  existence  of  this  axis  of  eleva- 
tion, which  probably  was  marked  merely  by  a  series  of  discon- 
nected islanos  in  the  early  Tertiary  sea  that,  after  the  emeigence 

•  Fide  Safford. 

f  Indicated  on  the  map  by  the  localities  of  Petite  Anse,  Chicot,  Winfield  and 
Bisteneau.  * 

X  This  Journal,  Nov.,  1869,  p.  315. 
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of  the  immence  Cretaceous  area,  already  prefigured  the  present 
Gulf  of  Mexico. 

It  would  be  bootless  to  speculate,  at  this  early  momeDt,  on 
the  precise  origin  of  the  great  rock-salt,  gypsum  and  sulphur 
deposits.  That  the  prominent  event  of  the  epoch — ^the  emerg- 
ence of  an  extensive  sea-bottom — ^afforded  abundant  opportuni^ 
for  the  accumulation  of  the  two  former  substances,  is  obvious 
enough ;  it  would  seem  to  pre-suppose,  however,  a  temporary 
or  partial  isolation  at  least  from  the  general  ocean,  analogoas  to 
that  which,  apparently,  occurred  in  later  times.  But  as  r^ards 
the  sulphur,  its  ordinary  co-occurrence  with  gypsum  would 
hardly  seem  to  afford  a  sufficient  precedent  for  the  present  case; 
unless  we  assume  the  concurrent  influence  of  volcanic  or 
other  "  abysso-dynamic  "  agencies. 

Tertiary  period. 

It  will  be  perceived  that  during  the  Tertiary  period,  the  north- 
em  Gulf  shore  receded  from  its  extreme  northern  limits  in 
southern  Illinois  and  Missouri,  to  a  shore-line  which,  though 
running  near  the  latitude  of  Baton  Bouge,  is  not  far  from 
parallel  to  the  present  one,  if  we  ignore  the  extreme  projection 
of  the  Mississippi  delta.  This  rapid  fiUing-in  of  the  embay- 
ment,  no  less  tnan  the  character  of  the  deposits,  prove  that  the 
depth  of  water  was  not  great ;  especially  in  the  remoter  por- 
tions, where  lignitic  and  lignito-gypseous  deposits  very  spar- 
ingly interspersed  with  small  marine  beds  (the  remnants  of 
estuaries)  from  the  predominant  material.  Similar  alternations 
of  materials  occur,  in  fact,  throughout  the  older  Tertiary  de- 
posits of  the  southwest ;  and  hence,  the  divisions  mark«i  off 
Dv  difference  of  color  on  the  map,  as  "  lignitic"  and  "  marine" 
Tertiary,  respectively,  must  be  taKcn  very  much  cum  grnno  scdis. 
Except  only  in  southern  Arkansas,  few  marine  beds  of  any 
notable  extent  occur  outside  (i.  e.,  north  of)  the  limit  of  the 
area  indicated  as  marine.  But  in  northern  Louisiana,  where 
the  dip  is  very  slight,  lignitiferous  strata  are  altogether  predom- 
inant on  the  surface ;  although  the  marine  seem  to  underlie 
everywhere  at  no  great  depth,  and  in  numerous  localities  crop 
out  on  the  surface ;  forming,  according  to  Hopkins,  distinct 
beaches  around  some  of  the  Cretaceous  outliers  mentioned 
above. 

So  far,  indeed,  from  considering  the  predominantly  ligniti- 
ferous area  as  representing  a  period  distinct  from  the  older  marine 
Tertiary,  I  have  little  doubt  that  the  larger  portion,  if  not  all,  of 
the  beds  I  have  heretofore  designated  as  the  Northern  Lignitic 
(and  Flatwoods  clay)  group  (Lagrange  and  Porter's  Creek  groups 
of  Safford)  are  the  strict  equivalents  in  time  of  the  oldest  marine 
beds  observed  in  South  Carolina  and  Alabama,  and  designated 
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by  Tuomey  as  the  Buhrstone  group  ("  Siliceous  Claiborne"  of 
my  Miss.  Report).  The  lithologicaJ  continuity  of  the  bed- 
rocks of  this  group  alone  the  eastern  border  of  the  Tertiary, 
supported  to  some  extent  by  paleontological  evidence,  strongly 
inclined  me  to  this  opinion  ten  years  ago  ;*  and  it  has  received 
a  strong  confirmation  from  the  latest  ooservations  of  Dr.  E.  A- 
Smith,  of  the  Miss.  GeoL  Survey,  who  has  found  the  same 
rocks,  substantially,  continuous  alon^  the  southern  border  of  the 
lignitic  area,  nearly  to  the  Mississippi  bluff.  At  the  same  time, 
Safford  mentions  the  occurrence  oi  similar  beds  on  the  border 
of  the  Cretaceous,  in  Tennessee.  The  inference  is  inevitable 
that  no  beds  outcropping  in  the  fork  of  these  two  marine 
branches  can  be  anterior  m  time ;  the  interconnection,  in  fact, 
is  such  as  to  render  the  supposition  that  there  can  be  any  ma- 
terial difference  of  age  almost  stratigraphically  impossible. 
The  exclusively  lignitic  character  of  the  central  portion  must, 
therefore,  be  ascribed  rather  to  the  inaccessibility  of  that  region 
to  the  waters  of  the  sea  during  their  deposition ;  perhaps  in 
consequence  of  a  change  of  level,  by  which  the  upper  portion  of 
the  embayment,  from  about  the  mouth  of  the  Arkansas  to 
Cairo,  was  converted,  for  the  time  being,  into  a  littoral  marsh. 

In  Arkansas,  nevertheless,  small  marine  beds  are  more  libe- 
rally interspersed  among  the  lignitic  clays,  than  is  the  case  east 
of  the  Mississippi ;  and  some  of  those  mentioned  by  Owen  as 
occurring  on  the  territory  here  laid  down  as  chiefly  lignitic,  are 
obviously  more  closely  related  to  the  celebrated  Claiborne  shell- 
bed  than  to  the  Buhrstone  group.  The  latter  group  does  not, 
in  fiwt,  appear  characteristically  developed  anywhere  west  of 
the  river,  so  far  as  I  know ;  and  the  occurrence  of  somewhat 
extensive  marine  Tertiary  outliers  on  the  Cretaceous  territory 
of  Arkansas,  as  well  as  of  lignitic  beds  on  that  of  Texas  (e.  g., 
the  Cross  Timbers,  as  approximately  laid  down  on  the  map), 

i)rove8  that  although  the  deeper  water  of  the  embayment  fol- 
owed  substantially  the  lines  of  trend  shown  on  the  map,  yet 
there  still  existed  at  that  time  a  connection,  in  a  northwesterly 
direction,  of  the  Gulf  waters  with  those  of  the  great  interior 
basin  of  the  West 

That  this  connection  should  not  be  uninterruptedly  traceable 
at  the  present  time,  is  not  surprising  when  we  consider  the 
shallowness  of  the  connecting  trough,  as  demonstrated  by  the 
inconsiderable  thickness  of  the  deposits,  that  of  course  greatly 
favored  their  removal  bv  the  subsequent  events  of  the  Quater- 
nary period.  Nevertheless,  enough  seems  to  remain  of  these 
deposits  to  form  a  chain  by  which,  with  the  aid  of  paleobotany, 
the  equivalents  in  time  of  the  Buhrstone  and  Claiborne  marine 
groups,  at  least,  can  be  determined  among  the  fresh  or  brackish- 

•  Miss.  Rep.,  1860,  §§  162  and  ff.  188,  etc. 
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water  beds  of  the  interior.  And  with  these  as  fixed  horizons 
to  start  from,  aided  also  by  the  flora  of  the  subordinate  liffnite 
beds  of  the  later  (Jackson  and  Vicksburg)  stages,  we  may  nope 
to  establish  a  comparative  chronological  scale  through  which 
the  parallelisms  with  more  distant  regions,  and  later  times,  may 
be  established  even  for  the  much-discussed  Tertiary  beds  of  the 
Great  West 

My  present  purpose  scarcely  requires  that  I  should  more 
than  allude  to  the  detail  of  the  later  stages  of  the  older  Tertiary, 
which  I  have  not  distinguished  on  the  general  map,  in  order 
not  to  obscure  too  much  the  general  features.  But  a  detailed 
map  shows  both  the  successive  decrease  in  the  width  of  their 
outcrops,  and  the  regularly  diminishing  convexity  of  the  Gulf- 
outline.  I  may  also  add  that  as  we  recede  fix)m  the  vertex  of 
the  embayment,  and  eastward  from  its  axis,  there  is  a  regular 
increase  of  deep-sea  features,  the  lignitic  facies  becoming  more 
and  more  subordinate ;  yet,  by  its  persistent  recurrence  seem- 
ing to  intimate  the  occurrence,  if  not  of  oscillations,  at  least  of 
local  variations  of  depth ;  dependent,  perhaps,  upon  corres- 
ponding changes  in  river  mouths.  In  Alabama,  the  lignitic 
feature  is  almost  suppressed,  the  marine  stages  overlying  each 
other  directly,  as  a  rule ;  while  west  of  the  Mississippi,  it  be- 
comes more  and  more  pronounced  as  we  advance  westward,  so 
that  all  but  the  latest  portion  of  the  Jackson,  and  most  of  the 
(much  diminished)  Vicksburg  sea,  here  represented,  appears  to 
have  been  an  intricate  maze  of  everglades  and  shallow  estua- 
ries. That  this  state  of  things  is  intimately  connected  with 
the  existence  of  the  Cretaceous  *^  backbone  ^'  of  Louisiana  on 
one  hand,  and  the  decided  southward  dip  of  the  same  forma- 
tion in  Alabama  on  the  other,  can  scarcely  be  doubted.  At 
the  same  time,  let  it  be  remembered  that  both  east  and  west  of 
the  Mississippi,  from  the  Chattahoochee  to  the  Sabine,  the  older 
Tertiary  period  closes  with  a  decided  prevalence,  in  the  Vicks- 
burg limestones,  of  the  deep-sea  character;  and  thus  far,  the 
geological  history  of  the  gulf  does  not  exhibit  any  phenomena 
whose  parallel  may  not,  rmitatis  mutandis^  be  founa  on  the  coast 
of  the  Carolinas.  Moreover,  the  transition  from  the  oldest  to 
the  more  modern  (Vicksburg)  fauna  is  so  gradual,  gaps  existing 
in  Alabama  and  Mississi|)pi  being  completely  filled  by  transi- 
tion strata  observ^ed  by  Hopkins  and  myself  in  Louisiana,  that 
any  attempt  at  subdivision  into  eocene  and  **  oligocene  "  must 
draw  altosrether  artificial  lines  of  demarcation. 

But  while  on  the  Atlantic  coast  we  meet,  in  the  Mir^cene 
and  Pliocene  strata  of  Maryland,  Virginia  and  the  Carolinas, 
a  gradual  approximation  to,  and  admixture  of,  modern  marine 
fonns,  the  Vicksburg  epoch  closes  abruptly,  so  far  as  the  Gulf 
of  Mexico  is  concerned,  the  marine  Tertiary  series.     The  geolo- 
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gically  as  well  as  agriculturally  b£U"ren  rocks  of  the  Grand  Gulf 
age  laok  all  analogy  outside  of  the  Gulf  basin,  unless  it  be 
tnose  of  the  Bad  Lands  of  Nebraska,  and  especially  the  White 
River  beds,  to  which  they  bear  an  extraordinary  lithological 
(as  well  as  in  some  respects,  stratigraphical)  resemblance.  How- 
ever little  this  circumstance  may  prove  as  regards  equivalence 
in  time,  we  must,  nevertheless,  not  forget  that,  as  the  only  rep- 
resentative of  the  geological  period  intervening  between  the 
eocene  and  the  Drift  on  the  Galf  shores,  the  Grand  Gulf  group 
almost  necessarily  embraces  among  its  equivalents  the^e  very 
beds;  and  since  Marsh  has  found  the  latter  so  much  farther 
south  than  they  were  supposed  to  exist  but  a  short  time  ago,  it 
is  not  altogether  impossible  that  more  direct  relations  between 
the  two  may  yet  be  proven.  The  Grand  Gulf  rocks  form  the 
highest  ridges  of  Louisiana  as  well  as  of  south  Mississippi, 
falling  off  rather  abruptly  into  the  level  prairie  country  of  tne 
marine  Tertiary.  But  even  these  ridges  are  capped  bv  the 
ferruginous  sandstone  of  the  southern  drift,  which  may  have 
been  instrumental  not  only  in  greatly  diminishing  their  height, 
but  also  in  sweeping  away  the  links  connecting  tnem  with  the 
interior;  as  has  unquestionably  happened  with  regard  to  the 
older  Tertiary. 

Be  that  as  it  may,  whether  actual  connection  existed  or  not, 
we  cannot  escape  the  conclusion  that  analogous  circumstances 
were  required  to  produce  analogous  deposits.  Foremost  among 
these  was  the  exclusion  of  the  sea;  nor  can  we  account  for  the 
extreme  scarcity  of  both  animal  and  vegetable  remains,  that 
scarcely  leaves  us  a  hope  of  direct  identification,  unless  upon 
the  supposition  that  the  water  which  deposited  these  beds  was, 
take  it  altogether,  too  fresh  for  a  salt-water  fauna,  yet  too  salt 
to  admit  of  a  fresh- water  population.  The  solitary  fragment  of 
a  turtle,  recognized  by  Prof.  Marsh,  is  all  that  has  so  far  re- 
warded my  many  years'  search  for  zoogene  fossils  in  this  forma- 
tion ;  and  with  the  exception  of  a  single  locality  in  Mississippi, 
not  vet  fully  explored,  the  prospect  for  recognizable  fossil  plants 
is  about  equally  discouraging. 

I  confess  that  such  absolute  dearth  of  life  rather  staggers  my 
belief;  and  my  later  observations  on  the  deposits  of  the  Port 
Hudson  (Quaternary)  beds  have  led  me  to  conclude,  that  in 
some  degree  this  absence  of  life  is  only  apparent ;  and  that  the 
calcareous  concreiioDs,  so  abundant  in  some  of  the  clay  strata  of 
the  formation,  are  but  the  substance  of  perhaps  a  very  diversified 
fisiana,  whose  calcareous  portions  have  been  thus  transformed 
by  maceration.*  The  calcareous  ingredient,  however,  occurs 
only  in  the  lower,  clayey  division  of  the  series ;  and  it  is  suffi- 
ciently remarkable  that  the  fine  sand-  and  clay -stones  of  the 

*  This  Jour.,  Jan.,  1869,  p.  81;  Ibid,  Nov.,  1869,  p.  338. 
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upper  division  should  have  preserved    no  vestiges  of  either 
animal  or  vegetable  life, 

I  do  not  see  how,  in  view  of  the  nature,  thickness  (about  250 
feet)  and  wide  distribution  of  this  formation,  the  inference  can 
be  avoided  that  during  the  whole  or  a  part  of  the  inter\'^al  be- 
tween the  Vicksburc  and  Drift  ages,  the  Mexican  Gulf  was,  by 
some  means,  isolated  from  the  Atlantic  ocean  ;  or  that  at  least 
its  communication,  perhaps  across  the  still  submerged  penin- 
sula of  Florida,  was  so  imperfect  as  to  render  the  influx  from 
the  interior  of  the  continent  predominant  over  the  original 
supply  of  sea-water.  An  upheaval  of  the  northern  borders  of 
the  Caribbean  basin  could  easily  accomplish  this  result,  so  long 
as  the  deep  channels  excavated  by  the  Gulf  stream  in  the 
strait  of  Yucatan,  as  well  as  those  of  Florida,  did  not  yet  exist 
Too  little  is  as  yet  known  with  accuracy  regarding  the  geology 
of  the  nearer  Antilles  and  Yucatan,  to  detennine  whether  they 
bear  the  marks  of  the  event  recorded  by  the  Gnind  Gulf  rockis 
on  the  northern  shore  of  the  basin.  The  observations  of  Mr. 
Gabb  in  Sto.  Domingo,  and  of  the  English  geologists  in  Jamaica, 
seem  to  indicate  the  existence  there  of  marine  Miocene  and 
Pliocene  tertiaries,  which  are  altogether  unrepresented  in  the 
waters  of  the  Gulf.  It  has  been  suggested  *to  me  that  beds  of  that 
character  may  be  covered  by  the  Grand  Gulf  and  later  beds  of  the 
Gulf  coast.  I  willingly  leave  the  onus  of  proof  on  that  score  to 
those  who  may  think  such  an  assumption  desirable.  But  were 
this  the  case,  the  necessity  for  assuming  the  cutting  oS  of  the 
Gulf  basin  from  the  Atlantic,  on  account  of  the  existence  ij^ 
the  Grand  Gulf  rocks,  would  be  none  the  less  cogent :  for  I 
doubt  whether  any  geologist,  upon  full  consideration  of  the 
facts,  would  for  a  moment  eutertain  the  idea  that  like  the 
"  Northern  Lignitic  "  of  the  older  Tertiary,  the  Grand  Gulf  beds 
could  he  explained  away  as  a  mere  littoral  formation. 

It  is  worthy  of  remark  that  while  east  of  the  Mississippi,  the 
peculiar  sand-  and  clay-stones  of  this  group  are  confined  to  the 
north wasterly  portion  of  its  area  of  occurrence,  in  Louisiana 
and  eastern  Texas  these  rocks  are  altogetlier  predominant,  es- 
pecially along  the  northern  (or  landward)  border,  the  clays 
being  subordinate. 

Quaternary  hech. 

The  Grand  Gulf  rocks  are  almost  everywhere  immediatelv 
overlaid  by  the  deposits  of  the  stratified  Drift  or  Orange  Sand. 
Of  course  it  overlies  equally,  as  a  rule,  the  more  ancient  forma- 
tions (except  where,  from  causes  not  always  readily  imagined, 
it  seeins  to  have  been  subsequently  removed)  up  to  the  limits 
of  the  Paleozoic.  Beyond  these,  its  occurrence  is  rnoi*e  or  less 
localized  in  conformity  with  the  larger  valleys,  as  observed  by 
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Safibrd  in  Middle  and  Eastern  Tennessee,  and  by  Tuomey  and 
myself  in  Alabama.  The  same  is  true,  apparently  of  the  larger 
channels  of  Texas.  But  within  the  limits  of  tne  Mississippi 
embajment,  it  constitutes  one  huge  delta-shaped  mass,  coyenng 
the  entire  Tertiary,  and  a  large  portion  of  the  Cretaceous  area, 
to  a  depth  varying  from  a  few  feet  to  over  two  hundred ;  on  an 
average,  perhaps,  between  sixty  and  one  hundred  feet  Its  pre- 
dominant material  is  orange  or  reddish,  rounded  sand,  mostly 
ferruginous,  of  various  degrees  of  induration,  with  subordinate 
beds  of  clay,  and  enormous  gravel-streams,  evidently  denoting 
ancient  channela*  Its  beds  disappear  beneath  those  of  the 
Port  Hudson  age  about  concurrently  with  those  of  the  Grand 
Gulf  era ;  and  consequently,  it  cannot  well  be  independently 
represented  on  the  map. 

I  have  heretoforef  snown  that  in  order  to  explain  the  pheno- 
mena o£fered  by  the  Orange  Sand  of  Mississippi  and  Louisiana,  it 
seems  necessary  to  assume  that  prior  to  its  deposition,  the  Gulf 
coast  suffered  an  elevation  to  the  extent  of  at  least  460  feet  above 
its  present  level,  accompanied  by  a  much  greater  uprising  near  the 
head  of  the  waters.  This  elevation  was  succeeded,  during  the 
"  Champlain  "  epoch,  by  a  slow  depression  to  at  least  twice  that 
amount ;  and  finally,  during  the  Terrace  epoch,  a  re-elevation 
to  at  least  the  extent  of  460  feet  took  place.  These  figures  are 
mmima^  if  we  regard  the  sea-  or  rather  the  Gulf-level  to  have 
remained  constant  But  if,  as  seems  necessaiy  to  assume,  the 
Gulf  was  an  isolated  basin  during  the  Grand  Gulf  era,  it  might 
possibly  have  been  elevated  as  a  whole,  and  the  zero-point  of 
the  scale  would  be  changed  upward,  accordingly.  The  same, 
in  a  reverse  direction,  would  be  true  if  it  could  be  assumed 
that  the  occurrence  of  the  glacial  epoch  sensibly  affected  the 
%  general  level  of  the  ocean. 

Be  that  as  it  may,  the  gravel  is  composed  of  northern  rocks, 
disposed  in  belts,  of  which  one  occupies  the  main  axis  of  the 
emoayment,  while  others  mark  outlets  now  closed ;  and  the  ex- 
tensive denudation  and  violent  plowing-up  of  the  more  ancient 
formations,  clearly  proves  the  occurrence  of  an  immense  flow 
of  waters  southward,  which  in  the  main  channels  moved  peb- 
bles of  many  pounds  weight ;  while  between  these,  the  deposi- 
tion of  the  finer  materials  took  place  in  more  quiet  waters. 

That  these  events  were  not  of  a  local  character ;  that  on  the 
contrary,  the  phenomena  observed  in  the  Southern  States  are 
but  the  necessary  conseauence  and  complement  of  the  Drift 
phenomena  at  the  North,  nardly  requires  discussion ;  but  it  is 
time  that  these  facts  were  more  generally  understood  and  taken 
into  account  by  American  geologists,  and  that  the  Ohio  should 

^  Mils.  Rep.,  1860,  this  Jour.,  May,  1866,  and  other  papers  abore  referred  ta 
f  ThiB  Jour.,  Not.,  1869,  p.  336. 
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It  would  Beem  that  here  also,  during  the  latter  _ 
Drift  period,  most  of  the  larger  river  chaiLuels'wi 
impresjEied  upon  the  sur&ce,  though  not  always 
the  present  immediate  yaUej;  as  Newbeny  has 
relatLon  to  some  of  the  northern  rivers.    A  depr 
land  would  gradually  transform  these  channels  into  h 
with  more  or  less  stagnant  firesh  water  down  to  a  _ 
distance  from  the  then  existing  coast  line ;  and  thus 
would  be  afforded  for  the  formation  of  the  swamp 
deposits  into  which  both  the  Mississippi  and  Bed 
suDsequently  cut  their  channels.  The  banks  of  the 
well  as,  outside  the  present  alluvial  area,  those  of  the 
and  bayous  which  border  that  stream,  exhibit  strata 
identic^  in  character  with  those  observed  near  the 
of  course,  totally  different  from  either  the  alluvial 
the  present  time,  or  the  adjoining  tertiarie&    The 
true,  more  or  less,  of  the  Mississippi  and  its  mighty 
According  to  the  observations  of  Dr.  E.  A.  Smitn  m 
bottom,  and  my  ovm  in  that  of  the  Tensas,  not 
days  with  calcareous  concretions  (as  characteristic  of  | 
Hudson  age  as  they  are  foreign  to  the  alluvium  of 
quently  crop  out  in  the  beds  of  the  streams ;  but 
best  lands  of  the  '*  buckshot "  kind,  now  situated 
flow,  have  clearly  been  formed  by  simple  disintegral 
strata,  altogether  independently  of  the  river  alluvium. 

These  results  fally  confirm,  therefore,  the  statement  il 
Gen.  Humphreys,*  that  the  Mississippi  does  not,  as  a  ra 
in  a  bed  formed  of  its  own  deposits,  but  has  excavated  i 
older  geological  formation.  Wells  exceeding  fifteen  or 
feet  ordinarily  strike  these  clays  throughout  the  b(M 
they  do  in  the  delta ;  and  the  analogy  has  been  compk 
the  repetition  of  the  phenomena  observed  in  driven  i 
New  6rleans,t  at  a  point  about  fifty  miles  above  Vic 
(Gen.  Wade  Hampton's  plantation),  where  a  tube  well  I 
nished  a  copious  How  of  combustible  gas  undiminial 
many  months. 

The  swamp  clays  form,  however,  only  the  lower  pa 
the  Port  Hudson  beds.  Higher  up,  as  shown  at  tb 
Hudson  bluff4  there  lie  yellow  or  whitish  silts  and 
pana"  These  form,  also,  a  level  terrace  some  miles  in 
Dordering  the  Tensas  bottom  ;  while  high  above  it,  on  1 
tops  of  Sicily  Island,  on  the  Washita,  lie  the  remnants 
Loess  formation,  the  main  body  of  which  has  succuni 
the  erosive  influence  of  the  Terrace  epoch  of  elevati< 
has,  however,  left  a  belt  a  few  miles  wide  on  the 
side  of  the  valley,  as  shown  on  the  map. 

*  Rep.  on  the  MiBsissippi  river,  p.  98,  et  al       f  This  Jour.,  vol  i,  1871 
t  See  proQle  in  thla  Jo\u.,  3«ii.^  \%^^. 
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It  would  seem  that  here  also,  during  the  latter  portion  of  the 
Drift  period,  most  of  the  larger  river  channels  were  already 
impressed  upon  the  surface,  though  not  always  coincident  witn 
the  present  immediate  valley;  as  Newberry  has  observed  in 
relation  to  some  of  the  northern  rivers.  A  depression  of  the 
land  would  gradually  transform  these  channels  into  inlets  filled 
with  more  or  less  stagnant  fresh  water  down  to  a  greater  or  less 
distance  from  the  then  existing  coast  line ;  and  thus  opportunity 
would  be  afforded  for  the  formation  of  the  swamp  and  la^^oon 
deposits  into  which  both  the  Mississippi  and  Red  river  have 
suosequently  cut  their  channels.  The  banks  of  the  Red  river  as 
well  as,  outside  the  present  alluvial  area,  those  of  the  many  lakes 
and  bayous  which  border  that  stream,  exhibit  strata  absolutely 
identical  in  character  with  those  observed  near  the  coast,  yet, 
of  course,  totally  different  from  either  the  alluvial  deposits  of 
the  present  time,  or  the  adjoining  tertiaries.  The  same  holds 
true,  more  or  less,  of  the  Mississippi  and  its  mighty  "  bayous.'' 
According  to  the  observations  of  Dr.  E.  A.  Smitn  in  the  Yazoo 
bottom,  and  my  own  in  that  of  the  Tensas,  not  only  do  the 
clays  with  calcareous  concretions  (as  characteristic  of  the  Port 
Hudson  age  as  they  are  foreign  to  the  alluvium  of  to-day)  fre- 
quently crop  out  in  the  beds  of  the  streams  ;  but  much  of  the 
best  lands  of  the  "  buckshot "  kind,  now  situated  above  over- 
flow, have  clearly  been  formed  by  simple  disintegration  of  these 
strata,  altogether  independently  of  the  river  alluvium. 

These  results  fully  confirm,  therefore,  the  statement  made  by 
Gen.  Humphreys,*  that  the  Mississippi  does  not,  as  a  rule,  flow 
in  a  bed  formed  of  its  own  deposits,  but  has  excavated  it  in  an 
older  geological  formation.  Wells  exceeding  fifteen  or  twenty 
feet  ordinarily  strike  these  clays  throughout  the  bottom,  as 
they  do  in  the  delta ;  and  the  analogy  has  been  completed  by 
the  repetition  of  the  phenomena  observed  in  driven  wells  at 
New  OrleanSjf  at  a  point  about  fifty  miles  above  Vicksburg 
(Gen.  Wade  Hampton's  plantation),  where  a  tube  well  has  ftir- 
nished  a  copious  flow  of  combustible  gas  undiminished  for 
many  months. 

The  swamp  clays  form,  however,  only  the  lower  portion  of 
the  Port  Hudson  beds.  Higher  up,  as  shown  at  the  Port 
Hudson  bluff,:}:  there  lie  yellow  or  whitish  silts  and  **  hard- 
paus."  These  form,  also,  a  level  terrace  some  miles  in  width, 
bordering  the  Tensas  bottom  ;  while  high  above  it,  on  the  hill, 
tops  of  Sicily  Island,  on  the  Washita,  lie  the  remnants  of  the 
Loess  formation,  the  main  body  of  which  has  succumbed  to 
the  erosive  influence  of  the  Terrace  epoch  of  elevation.  It 
has,  however,  left  a  belt  a  few  miles  wide  on  the  eastern 
side  of  the  valley,  as  shown  on  the  map. 

*  Rep.  on  the  Mississippi  river,  p.  98,  et  al.        f  This  Jour.,  vol.  i,  1871,  p.  345. 
t  See  profile  in  this  Jour.,  Jan.,  1869. 
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It  would  Beem  that  here  also,  during  the  latter 
Drift  period,  most  of  the  larger  river  chanuelB 
impreaEied  upon  the  sur&ce,  though  not  always  ooi 
the  present  immediate  valley;  as  Newberry  has  ol 
relation  to  some  of  the  northern  rivers.    A  deprea 
land  would  gradually  transform  these  channels  into  i 
with  more  or  less  stagnant  firesh  water  down  to  a 
distance  from  the  then  existing  coast  line ;  and  thus 
would  be  afforded  for  the  formation  of  the  swamp 
deposits  into  which  both  the  Mississippi  and  Bed 
suDsequently  cut  their  channela  The  banks  of  the  ~ 
well  as,  outside  the  present  alluvial  area,  those  of  the 
and  bayous  which  border  that  stream,  exhibit  strata 
identic^  in  character  with  those  observed  near  the 
of  course,  totally  different  from  either  the  alluvial 
the  present  time,  or  the  adjoining  tertiarie&    The 
true,  more  or  less,  of  the  Mississippi  and  its  miehty 
According  to  the  observations  of  Dr.  E.  A.  Smitn  m 
bottom,  and  my  own  in  that  of  the  Tensas,  not 
days  with  calcareous  concretions  (as  characteristic  of 
Hudson  age  as  they  are  foreign  to  the  alluvium  of 
quently  crop  out  in  the  beds  of  the  streams ;  but 
best  lands  cf  the  "  buckshot "  kind,  now  situated 
flow,  have  clearly  been  formed  by  simple  disintegrai 
strata,  altogether  independently  of  the  river  alluvium. 

These  results  fully  confirm,  therefore,  the  statement  flrf 
Gen.  Humphreys,*  that  the  Mississippi  does  not,  as  a  nj| 
in  a  bed  formed  of  its  own  deposits,  but  has  excavated  i| 
older  geological  formation.  Wells  exceeding  fifteen  or  I 
feet  o^inarily  strike  these  clays  throughout  the  bottt 
they  do  in  the  delta ;  and  the  analogy  has  been  comply 
the  repetition  of  the  phenomena  observed  in  driven  ^ 
New  6rleans,t  at  a  point  about  fifty  miles  above  ViJ 
(Gen.  Wade  Hampton's  plantation),  where  a  tube  well  U 
nished  a  copious  How  of  combustible  gas  undimini^ 
manv  months.  l 

The  swamp  clays  form,  however,  only  the  lower  poq 
the  Port  Hudson  beds.  Higher  up,  as  shown  at  thii 
Hudson  bluff,$  there  lie  yellow  or  whitish  silts  and  \ 
paoa''  These  form,  also,  a  level  terrace  some  miles  in  ^ 
Dordering  the  Tensas  bottom  ;  while  high  above  it,  on  d 
tops  of  Sicily  Island,  on  the  Washita,  lie  the  remnania  ^ 
Loess  formation,  the  main  body  of  which  has  succural 
the  erosive  influence  of  the  Terrace  epoch  of  elevatio 
has,  however,  left  a  belt  a  few  miles  wide  on  the  « 
side  of  the  valley,  as  shown  on  the  map. 

*  Rep.  on  the  MiBsissippi  river,  p.  98,  et  al       f  This  Jour.,  vol  i,  ISTlg 
t  See  profile  in  thla  Jonx.,  3«ii.^  \%^^. 
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It  would  thus  seem  that  during  the  latter  portion  of  the 
period  of  depression,  the  rate  of  sinking  became,  at  times,  too 
rapid  to  allow  of  the  accumulation  of  swamp  deposit  The 
indurate  silts  are  mostly  void  of  fossils  of  any  kind,  but  are 
occasionally  traversed  by  fluviatile  beds  with  pebbles,  drift- 
wood, etc.  Then  there  is  a  recurrence  of  the  swamp  deposits ; 
then  again  silts ;  and  finally,  the  calcareous,  silty  loam  of  the 
Bluflf  formation,  with  its  numerous  terrestrial  fossils  and  **Ldss 

Suppets,"  ends  the  deposits  clearly  referable  to  the  epoch  of 
epression. 

The  Loess  differs  little  from  its  equivalents  farther  north, 
save  in  being  utterly  devoid  of  stratification  as  well  as  of  any 
fluviatile  organisms.  It  is  not  easy  to  imagine  the  modus 
operandi  by  which  a  deposit  of  this  kind,  sometimes  70  feet 
thick,  and  of  dead  uniformity  from  top  to  bottom,  could  be 
produced.  Its  equivalents  farther  north  exhibit  very  distinctly 
the  structure  resulting  when  deposition  takes  place  m  (gently) 
flowing  water ;  at  the  south  it  was  probably  substantially  stag- 
nant, save  as  regards  the  tidal  flow.  Perhaps  the  latter  may 
serve  to  explain  both  the  absence  of  fluviatile  as  well  as  marine 
life,  and  the  uniform  intermixture,  without  any  semblance  of 
arrangement,  of  material  varying  from  the  finest  silt  to  pebbles 
half  an  inch  in  diameter.  A  strong  tidal  wave  running  up  a 
deep  inlet  of  this  kind,  would  naturally  sweep  away,  in  its 
periodical  rushes,  many  members  of  the  terrestrial  fauna,  whose 
remains  are  in  a  marked  degree  the  more  abundant  the  nearer 
we  approach  to  the  edge  of  the  formation. 

Overlying  the  Loess  we  find,  wherever  opportunity  is  afforded, 
a  stratum  of  yellow  loam  or  brick  clay,  which  near  the  larger 
valleys  is  often  as  much  as  fifteen  to  twenty  feet  in  thickness. 
It  is  altogether  devoid  of  stratified  structure,  as  well  as  of  fossils, 
and  forms  the  surface  layer,  and  in  most  cases  the  subsoil  of 
the*  Gulf  States.  If,  as  I  am  inclined  to  believe,  its  presence 
as  a  connected,  though  very  undulating  sheet,  on  all  but  the 
mast  elevated  uplands  of  these  States,  necessitates  the  assump- 
tion of  submergence,  however  brief,  to  the  highest  level  at 
which  it  occurs;  the  changes  of  level  heretofore  alluded  to 
would  be  shown  to  have  exceeded  by  600  to  700  feet  the  esti- 
mate given  above. 

The  succeeding  (Terrace)  epoch  of  elevation  has  not,  so  far 
as  I  am  aware,  left  any  marks  in  the  way  of  beach-lines  or 
terraces,  unless  the  second  bottoms  or  *'hommocks"  be  ac- 
counted such.  They,  however,  belong  to  a  very  modem  epoch, 
for  they  occur  on  streams  no  larger  than  what  is  usually  called 
a  "creek,''  and  are  most  marked  on  the  smaller  rivers  ;  while, 
apparently  absent  from  those  of  the  largest  size,  such  as  the 
Mississippi,  Bed  and  Arkansas  rivers.     The  elevation  at  which, 
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on  the  very  Gulf  shore,  we  find  deposits  of  the  Port  Hadson 
age  (180  feet  at  the  Five  Islands  on  Vennillion  Bay)  shows, 
nevertheless,  that  a  stupendous  amount  of  erosion  was  accom- 
plished during  the  time  that  the  Mississippi  occupied  in  scoop- 
ing out  its  channel,  to  a  depth  which,  even  below  the  northern 
boundary  of  Louisiana,  cannot  be  estimated  at  less  than  500 
feet 

As  regards  the  modem  epoch,  I  will  merely  remark  that, 
while  in  the  axis  of  the  ancient  embayment  the  ML^issippi 
river,  through  the  singular  instrumentality  of  mudlumps  up 
heaval,  is  rapidly  pushing  out  the  land  into  the  Gulf  waters, 
the  latter  are  nevertheless  gaining  ground  on  almost  the  entire 
coast  of  Mississippi  and  Alabama ;  and  the  same  is  true  of  a 

£ortion  of  Vermillion  Bay.  Yet  on  the  whole,  the  coast  of 
louisiana,  as  well  as  that  of  Texas  and  Florida,  is  more  than 
holding  its  own ;  and  the  shallowness  of  the  water,  even  where 
encroachment  does  take  place,  will  necessarily  restrict  the  latter 
within  narrow  limits  hereafter. 


Art.  L. — On  the  Astromonical  Proof  of  a  Resisting  Medium  in. 

Space ;  by  Asaph  Hall. 

The  return  of  Encke's  Comet  during  the  present  year  and 
its  very  favorable  position  for  observation  will  attract  the 
attention  of  astronomers  to  this,  one  of  the  most  interesting 
bodies  of  our  solar  system.  Besides  the  interest  belonging  to 
all  periodic  comets  since  the  establishment  of  the  probable  con- 
nection of  their  orbits  with  those  of  meteoric  streams,  this  comet 
has  a  peculiar  interest,  since  from  the  singular  anomaly  in  its 
motion  Professor  Encke  drew  his  inference  of  a  resisting 
medium  in  space.  Encke's  labors  on  the  orbit  of  this  comet 
were  begun  in  1819  ;  and  immediately  after  his  discovery  of  its 
periodicity,  he  found  by  comparing  the  observations  of  that 
year  with  those  of  1786,  1795  and  1805,  and  taking  careful 
account  of  the  planetary  perturbations,  the  remarkable  circum- 
stance that  the  periodic  times  were  diminishing.  The  following 
values  of  these  times  were  found : 

1786—1795  periodic  time=1208'112  days 
1795—1805  "  "    =1207-879     " 

1805—1819  "  "     =1207-424     " 

In  order  to  account  for  this  diminution  Encke  adopted  the 
hypothesis  of  a  resisting  medium  in  space.  He  appears  to  have 
been  led  to  this  hypothesis  in  the  first  place  on  account  of  its 
inherent  probability,   and  in  this  view  he  was  sustained  by 
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Olbers.  But  the  strongest  proof  of  its  truth  lies  in  the  fact 
that  the  analytical  investigation  shows,  that  a  tangential  force 
resulting  from  a  resisting  medium  would  produce  secular 
cbaAges  in  the  mean  motion  of  the  body  and  in  the  excentri- 
city  of  its  orbit,  leaving  the  other  elements  unchanged  or 
changed  by  periodic  inequalities  only.  This  conclusion  is  inde- 
pendent of  the  law  of  density  of  the  medium.  Now  this  was 
what  Encke  needed  in  order  to  account  for  the  anomalous  motion 
of  the  comet,  the  change  falling  almost  entirely  on  its  mean  mo- 
tion, that  of  the  excentricity  being  quite  insignificant.  Other 
hypotheses  were  suggested  to  explain  the  diminution  of  the 
periodic  time,  and  especially  that  of  internal  changes  in  the 
comet  itself,  but  nearly  all  of  these,  besides  being  less  simple 
than  the  assumption  of  a  resisting  medium,  would  necessitate 
the  introduction  of  forces  acting  in  various  directions,  and  pro- 
ducing anomalous  changes  in  all  the  other  elements  of  the 
orbit,  contrary  to  what  was  required  by  the  observations. 
Encke  therefore,  notwithstanding  the  doubts  of  Bessel  and 
other  astronomers,  continued  steadfast  in  his  theory  of  a  resist- 
ing medium  in  space,  and  for  more  than  forty  years,  and  until 
within  a  short  time  before  his  death  in  1865,  pursued  his  cal- 
culations with  wonderful  zeal  and  industry.  Between  the  years 
1829  and  1859,  he  published  in  the  volumes  of  the  Berlin 
Academy  eight  memoirs  on  the  orbit  of  this  comet,  and  also 
other  investigations  on  the  same  subject  in  the  Astronomische 
Nachrichten  and  in  the  Berlin  Jahrbuch.  He  assures  us,  what 
we  can  easily  believe,  that  he  spared  no  labor  and  despised  no 
precaution  that  could  give  completeness  and  surety  to  his  com- 
putations; and  besides  being  an  excellent  mathematician, 
Encke  possessed,  in  a  degree  rarely  equaled,  the  skill  of  adapt- 
ing formulae  to  convenient  and  safe  forms  for  numerical  calcula- 
tions. He  has  given  in  the  Berlin  Jahrbuch  for  1861  a  r&um^ 
of  his  labors,  and  the  proofs  presented  there,  taken  simply  by 
themselves,  seem  to  put  beyond  the  shadow  of  a  doubt  two 
conclusions:  first,  tnat  the  periodic  time  of  this  comet  is 
diminishing ;  and  secondly,  that  this  diminution  is  satisfactorily 
accounted  for  by  the  assumption  of  a  resisting  medium  in 
space. 

I  will  now  state  the  reasons  that  throw  doubt  on  the  preced- 
ing conclusions,  and  which,  I  think,  require  that  Encke's  results 
should  be  tested  by  an  independent  calculation. 

The  position  and  dimensions  of  the  orbit  of  Encke's  comet 
are  such  that  the  comet  can  approach  very  near  to  Mercury,  so 
near  indeed,  that  notwiihstanding  the  small  mass  of  this  planet, 
the  perturbations  which  it  may  produce  in  the  motion  of  the 
comet  can  exceed  the  greatest  ever  produced  by  Jupiter.  On 
account  of  the  rapid  motion  of  Mercury,  the  calculation  of 
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these  perturbations  would  be  very  laborious,  and  frequent  oof- 
rections  of  the  comet's  elements  would  be  necessary.  It  is  wdl 
known  that  among  the  incidental  results  of  Encke's  inyestin- 
tions  on  the  orbit  of  this  comet,  were  the  corrections  of  ti» 
values  of  the  masses  of  Jupiter,  Mars  and  Mercury  giyen  bj 
Laplace.  The  value  of  the  mass  of  Jupiter  is  now  accurately 
known,  but  with  regard  to  Mars  and  Mercury  there  is  an  Tin- 
certainty  which  of  course  it  would  be  necessary  to  consider  in 
any  investigation  where  these  masses  can  produce  large  distur- 
bances. Considering,  therefore,  the  great  difficult  of  the 
problem,  it  does  not  seem  unreasonable  to  ask,  before  acceptiiig 
any  extraordinary  assumption,  that  Encke's  results  should  be 
verified  by  a  new  calculation,  carried  on  at  least  through  four 
or  five  successive  revolutions  of  the  comet  during  recent  timcs^ 
when  the  observations  have  been  accurately  mada  Encke 
himself  4ias  given  in  the  Berlin  Jahrbuch  for  1868  a  new  and 
rigorous  method  for  such  calculations. 

But  should  it  be  found,  as  seems  probable,  that  Encke's 
numerical  results  are  correct,  it  woula  not  follow  that  the 
existence  of  a  resisting  medium  in  space  is  established. 

There  are  two  other  periodical  comets  whose  motions  have 
been  carefully  investigated,  and  which  furnish  important  evi- 
dence on  this  question.  These  are  Faye's  and  Winnecke's 
comets,  discovered,  or  in  the  case  of  the  last  rediscovered,  in 
1843  and  1858,  and  which  have  periods  of  7^  and  b\  years 
respectively.  If  we  denote  by  q  the  perihelion  distance  of  a 
comet,  by  a  its  semi-major  axis,  and  by  e  the  excentricity  of  its 
orbit,  and  express  these  quantities  in  units  of  the  earth *s  mean 
distance  from  the  sun,  we  shall  have  the  following  values  for 
1858,  when  all  these  comets  were  observed. 


ComeL 

?. 

a. 

e. 

Encke, 

0-3407 

2-2181 

0*8464 

Faye, 
Wmnecke, 

1-6942 

3-8137 

0-6656 

0-7684 

3.1367 

0-7650 

If  we  observe  that  the  aphelion  distance  is  2a-j,  the  preceding 
quantities  will  give  us  an  idea  of  how  differently  situated  in 
space  are  the  orbits  of  these  three  comets,  and  with  what  dif- 
ferent velocities  they  move  around  the  sun.  Thus,  while 
Encke^s  comet  at  its  perihelion  approaches  nearer  to  the  sun  than 
Mercury,  and  always  remains  nearer  than  Jupiter,  on  the  other 
hand,  Faye^s  comet  never  approaches  so  near  the  sun  as  does 
the  planet  Mars.  Should  it  be  found,  therefore,  that  all  these 
comets  exhibit  in  their  motions  the  anomaly  found  by  Encke, 
and  could  this  be  accounted  for  by  the  assumption  of  a  resist- 
ing medium  in  space,  the  evidence  would  be  considered  decisiye. 
Such,  however,  is  not  the  fact     The  orbit  of  Faye's  comet  has 


a  Resisting  Medium  in  Space.  407 

been  very  carefully  determined  by  Professor  Axel  Mofller  of 
iiund,  Sweden.  After  computing  the  planetary  perturbations, 
Prof  Mo^er  combined  the  positions  of  the  comet  observed  in 
1848,  1861  and  1868,  and  at  first  thought  it  necessary  to  intro- 
duce, as  Encke  had  done,  the  hypothesis  of  a  resisting  medium. 
In  this  way  he  satisfied  the  observations  of  the  three  returns  in 
an  admirable  manner,  and  Encke  in  his  declining  years  thought 
he  saw  the  complete  proof  of  his  hypothesis  and  a  satisfactory 
reply  to  Bessel's  objection  made  in  1886,  "  that  up  to  the  present 
time  we  know  of  nothing  but  the  motion  of  a  single  comet  which 
it  is  necessary  to  explain  by  a  resisting  medium  in  space,  since 
the  motions  of  the  planets  and  moon  have  given  no  evidence 
of  a  resistance"  But  in  1866  Prof  Mo^er  revised  his  cal- 
culations, and  found  that  he  had  made  an  error  in  computing  the 
pertnbations.  or  rather  in  transferring  the  varying  elements  of 
the  comet's  orbit  from  one  epoch  to  another,  and  that  when  this 
was  correctly  done  the  observations  were  satisfied,  within  the 
limits  of  their  probable  error,  by  a  strict  adherence  to  the  law 
of  gravitation  and  without  any  extraordinary  hypothesis.  There- 
fore, laying  aside  the  theory  of  a  resisting  medium.  Prof  Mofller 
carried  forward  his  calculation  of  the  perturbations,  and  com- 
puted an  ephemeris  for  the  return  of  the  comet  in  1866.  This 
prediction  proved  to  be  of  wonderful  accuracy.  The  comet 
was  so  faint  in  that  year,  that  it  could  be  seen  only  with  diffi- 
culty in  the  telescope  of  the  Naval  Observatory,  but  on  the 
first  night  it  was  looKed  for  it  was  seen  exactly  in  the  predicted 
place.  Professor  Peters  of  Hamilton  College,  who  is  provided 
with  a  more  powerful  telescope,  made  a  series  of  accurate  deter- 
minations of  position  and  from  the  mean  of  eight  days'  obser- 
yations  the  corrections  of  Prof  Mover's  ephemeris  were  only 

The  prediction,  therefore,  was  one  of  the  most  accurate  ever 
made  of  the  return  of  a  comet  Hence  in  the  case  of  Faye's 
comet,  the  weight  of  evidence  was  transferred  from  one  scale  to 
the  other ;  and  the  character  of  the  error,  which  Prof  Mo^ler 
detected  in  his  own  work,  is  such  that  there  is  additional  reason 
for  desiring  that  Encke's  calculation  should  be  subjected  to  a 
rigorous  test 

W'innecke's  comet  was  seen  first  in  1819,  when  Encke  com- 
puted an  elliptic  orbit  which  gave  very  nearly  the  true  periodic 
time,  but  the  comet  was  not  seen  again  until  it  was  rediscovered 
by  Dr.  Winnecke  in  1868.  The  most  careful  determination  of 
its  orbit  is  that  by  Professor  Oppolzer  of  Vienna.  As  the  per- 
turbations of  this  comet  have  not  been  large,  regard  was  nad 
to  the  first  powers  only  of  the  disturbing  forces,  and  the  calcula- 
tions have  been  made  with  comparative  ease.     By  combining 
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the  positions  of  1819,  1868  and  1869,  Pro£  Oppolzer  finds  fer 
the  nrst  interval  the  value  of  the  mean  motion  688'' "6812,  and 
for  the  second  interval  688'' '7007.  This  difference  is  so  smaU 
that  we  may  safely  conclude  that  the  comet's  motion  is  strictlj 
in  obedience  to  the  law  of  gravitation. 

Hence,  so  far  as  the  motions  of  comets  have  been  determined, 
the  evidence  is  against  the  theory  of  a  resisting  medium  in  space. 
Thus  &r,  the  observations  of  the  planets  lead  to  the  conclusion, 
that  their  motions  are  in  strict  accord  with  the  law  of  gravita- 
tion ;  and  in  the  disputes  about  the  acceleration  of  the  mean 
motion  of  the  moon,  no  one  has  thought  to  seek  its  cause  in  a 
resisting  medium,  but  much  more  probable  causes  are  at  hani 
Encke's  comet,  therefore,  stands  alone  in  the  strange  anomaly  in 
its  motion  which  the  calculations  have  shown.  The  first  thing 
to  be  done  would  be  to  test  the  correctness  of  these  calculations; 
and  for  this  purpose  it  seems  to  me  that  the  method  of  special 
perturbations  is  better  than  the  expansion  of  the  general  pertur- 
bations, since  by  the  first  method  all  powers  of  the  disturbing 
forces  can  be  rigorously  taken  account  of,  while  in  the  mediod 
of  general  perturbations  the  theory  is  difficult,  and  in  the  pre- 
sent state  of  analysis  a  doubt  may  remain  whether  we  niaye 
included  in  our  result  all  terms  of  a  sensible  influence  If  it 
be  proved  that  the  diminution  of  the  periodic  time  actually 
exists,  this  anomaly  must  be  considerea  as  a  peculiaritv  of 
Encke's  comet,  and  its  cause  must  be  sought  for  in  something 
which  distinguishes  this  comet  from  all  others.  It  was  early 
pointed  out,  by  Olbers  I  think,  that  this  comet  moves  througli 
those  regions  where  the  zodiacal  light  is  seen.  Possibly  also  the 
numerous  meteoric  streams  which  are  moving  around'  the  sun, 
and  which  are  closely  connected  with  the  orbits  of  some  of  the 
comets,  may  exert  an  influence  on  their  motions. 

Sept.  26,  1871. 


Art.    LI. — On   a    new    Micrometric    Goniometer    eye-pieoe  for 
the  Microscope;  by  J.  P.  South  WORTH. 

After  a  few  experiments  by  Dr.  H.  T.  Porter  and  myself, 
we  have  succeeded  in  making  an  eye-piece  micrometer  and 
goniometer  which  equal  in  accunicy  and  surpass  in  simplicity 
and  cheapness  any  w^e  have  seen,  and  we  have  used  tha^e  of 
some  of  the  best  makers  in  this  country.  The  objection  to  the 
eye-piece  micrometers  in  use  is  the  want  of  boldness  in  the 
division -lines,  which  makes  them  fatiguing  and  hurtful  to  the 
eyes.  To  overcome  this  objection  we  were  led  to  experiments 
in  making  micrometers  by  the  aid  of  photography,  which  haye 
resulted  in  success.     Th^  ate^a  of  the  process  are  these : — 
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1st  A  scale  of  100  heavy  India  ink  lines  about  1  of  an  inch 
apart  are  drawn  on  a  dead  white  surface  of  Bristol  board.  The 
unes  marking  every  ten  divisions  are  six  inches  long  and 
extend  one  inch  each  side  of  the  scale ;  those  marking  every 
five  divisions  are  five  inches  long  and  extend  one  half  incn 
beyond  the  scale ;  the  remaining  lines  are  four  inches  long. 

2d.  By  photographic  process  for  copying  engravings,  a  negative 
is  taken,  on  wmch  the  scale  equals  aoout  two  inches  in  length, 
and  is  intensified  by  mercuric  chloride  and  potassium  cyanide. 

S4  With  a  copying  camera  and  lens  for  taking  transparent 
positives  for  the  magic  lantern,  a  transparent  positive  of  this 
negative  is  taken  on  micrometer  glass,  reducing  the  scale  to  the 
length  of  one-half  inch.  In  this  the  lines  are  ^Jy  of  an  inch 
apart  After  intensifying,  washing  and  drying,  a  cover  of  thin 
glass  is  cemented  on  with  Canada  balsam,  and  the  slide  cut  to 
fit  the  slit  in  the  micrometer  eye-piece.  It  can  be  also  mounted 
with  a  spring  and  micrometer  screw,  like  Jackson's  micrometer. 
In  our  micrometer  the  lines  appear  to  stand  out  in  relief,  and 
are  jet  black,  while  the  spaces  between  them  are  translucent 
enough  to  admit  of  the  accurate  measurement  of  the  details  of 
minute  al^86  and  fun^  to  the  ?7ttt  of  an  inch. 

Regardmg  the  goniometer: — 

Ist  A  circle  about  eighteen  inches  in  diameter  is  drawn  with 
India  ink,  divided  into  degrees.  The  center  is  indicated  by  a 
dot,  and  one  diameter  is  drawn.  Every  five  and  ten  degrees 
are  indicated  by  longer  lines  than  those  indicating  single  degrees. 
Every  ten  d^rees  of  each  quadrant  are  numbered  from  0  to  90. 

2d.  A  negative  two  inches  in  diameter  is  taken  by  the  pro- 
cess referrea  to  above,  and  from  this  a  transparent  positive  is 
taken  on  a  circle  of  micrometer  glass  cut  to  fit  the  tube  of  the 
microscope.  It  is  covered  with  a  circle  of  thin  glass  cemented 
with  balsam,  and  mounted  to  fit  the  tube  at  the  focal  point  of 
a  positive  eye-pieca  A  cobweb  is  drawn  across  the  aiameter 
oi  the  lower  lens.  When  a  crystal  is  to  be  measured,  the  stage 
is  moved  till  the  apex  of  the  angle  coincides  with  the  center  of 
the  goniometer  ana  the  diameter  with  one  sida  The  eye-piece 
is  now  turned  till  the  cobweb  crossing  the  diameter  at  the  cen- 
ter coincides  with  the  other  side  of  the  angle.  Now  the  num- 
ber of  degrees  of  the  angle  can  be  read  at  the  circumference. 
The  advantage  of  this  over  the  ordinary  microscopic  goniome- 
ters is  that  in  ours  the  angles  of  the  crystal  and  the  degrees  of 
the  goniometer  are  on  the  same  line  of  sight  within  the  tube  of 
the  microscope,  while  in  the  ordinary  goniometer  the  degrees 
are  marked  outside  the  tube.  The  photographic  processes  by 
which  the  above  are  made  can  be  learned  by  consulting  any  of 
the  standard  works  on  photography,  under  the  sections  that 
treat  of  copying  engravings  and  taking  transparent  positives. 

Qeorgetown,  D.  0. 
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Art.  LII. — On  the  bearing  of  Devonian  Botany  on  QueUkm 
a^  to  the  Origin  and  Extinction  of  Species ;  by  Dr.  J.  W. 
Dawson. 

[The  theoretical  yiews  contained  in  this  section,  though  neoeaaary  to  gtf» 
completeness  to  the  subject,  are  not  suitable  for  an  official  report,  and  are,  tlMTe- 
fore,  printed  separately  by  the  author,  for  circulation  to  those  who  may  be  iatar 
ested  in  them  as  matters  of  science.] 

Fossil  plants  are  almost  proverbially  uncertain  with  refer- 
ence to  their  accurate  determination,  and  have  been  regarded 
as  of  comparatively  little  utility  in  the  decision  of  generaJqaes- 
tions  of  paleontology.  This  results  principally  from  the  frag- 
mentary condition  m  which  they  have  been  studied,  and  from 
the  fact  that  fragments  of  animal  structures  are  more  definite 
and  instructive  than  corresponding  portions  of  plants. 

It  is  to  be  observed,  however,  that  our  knowledge  of  fossil 
plants  becomes  accurate  in  proportion  to  the  extent  to  which 
we  can  carry  the  study  of  specimens  in  the  beds  in  which  they 
are  preserved,  so  as  to  examine  more  perfect  examples  than 
those  usually  to  be  found  in  museums.  When  structore  is 
taken  into  tne  account,  as  well  as  external  form,  we  can  also 
depend  more  confidently  on  our  results.  Further,  the  abun- 
dance of  specimens  to  be  obtained  in  particular  beds  often  goes 
far  to  make  up  for  their  individual  imperfection.  The  writer 
of  these  pages  has  been  enabled  to  avail  himself  very  fully  of 
these  advantages,  and  on  this  account,  if  on  no  other,  feels  en- 
titled to  speak  with  some  authority  on  theoretical  questions. 

It  is  an  additional  encouragement  to  pursue  the  subject  that, 
when  we  can  obtain  definite  infonnation  as  to  the  successive 
floras  of  any  region,  we  thereby  leai'n  much  as  to  climate,  and 
vicissitudes  in  regard  to  the  extent  of  land  and  water ;  and 
that,  with  reference  to  such  points,  the  evidence  of  fossil  plants, 
when  properly  studied,  is,  from  the  close  relation  of  plants  to 
those  stations  and  climates,  even  more  valuable  than  that  of 
animal  fossils. 

It  is  necessary,  however,  that  in  pursuing  such  enquiries  we 
should  have  some  definite  views  as  to  the  nature  and  perma- 
nence of  specific  forms,  whether  with  reference  to  a  single 
geological  period,  or  to  successive  periods ;  and  I  may  be  ex- 
cused for  stating  here  some  general  principles,  which  I  think 
important  for  our  guidance,  with  special  reference  to  the 
paleozoic  floras  which  form  the  subject  of  this  memoir. 

(1.)  Botanists  proceed  on  the  assumption,  vindicated  by  ex- 

terience,  that,  within  the  period  of  human  observation,  species 
ave  not  materially  varied  or  passed  into  each  other.     We  may 
make,  for  practical  pui^oses,  the  same  assumption  with  regard 
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to  any  ^ven  geological  period,  and  may  hold  that  for  each  such 
period  there  are  specific  types,  which,  K)r  the  time  at  least,  are 
invariable. 

(2.)  When  we  inquire  what  constitutes  a  good  species  for 
any  given  period,  we  have  reason  to  believe  that  many  names 
in  our  lists  represent  merely  varietal  forms  or  erroneous  deter- 
minations. This  is  the  case  even  in  the  modem  flora ;  and  in 
fossil  floras,  through  the  poverty  of  specimens,  their  fira^entary 
condition  and  various  states  of  preservation,  it  is  still  more 
likely  to  occur.  Every  revision  of  any  group  of  fossils  de- 
tects numerous  synonyms,  and  of  these  many  are  incapable  of 
detection  without  the  comparison  of  large  suites  of  specimens. 

(8.)  We  may  select  from  the  flora  of  any  geological  period 
certam  forms,  which  I  shall  call  specific  types^  which  may  for 
such  period  be  regarded  as  unchanging.  Having  settled  such 
types,  we  may  compare  them  with  similar  forms  in  other  peri- 
ods, and  such  comparisons  will  not  be  vitiated  by  the  uncer- 
taintv  which  arises  from  the  comparison  of  so-called  species 
which  may,  in  many  cases,  be  mere  varietal  forms,  as  oistin- 
opiished  from  specific  types.  Our  types  may  be  founded  on 
mere  fragments,  provided  that  these  are  of  such  a  nature  as  to 
prove  that  they  belong  to  distinct  forms  which  cannot  pass  into 
each  other,  at  least  within  the  limits  of  one  geological  period. 

(4.)  When  we  compare  the  specific  types  of  one  period  with 
those  of  another  immediately  precedent  or  subsequent,  we 
shall  find  that  some  continue  imcnanged  through  long  intervals 
of  geological  time,  that  others  are  represented  by  alSed  forms 
r^arded  either  as  varietal  or  specific,  and  as  derived  or  other- 
wise, according  to  the  view  which  we  may  entertain  as  to  the 
permanence  oi  species.  On  the  other  hand,  we  also  find  new 
types  not  rationally  deducible,  on  any  theory  of  derivation, 
m>m  those  known  in  other  periods.  Further,  in  comparing  the 
types  of  a  poor  period  witn  those  of  one  rich  in  species,  we 
may  account  for  the  appearance  of  new  types  in  the  latter  by 
the  deficiency  of  our  information  as  to  the  former ;  where 
Diany  new  types  appear  in  the  poorer  period  this  conclusion 
seems  less  probable.  For  example,  new  types  appearing  in 
poor  formations,  like  the  Lower  Brian  and  Lower  Carboniferous, 
have  greater  significance  than  if  they  appeared  in  the  Middle 
Brian  or  in  the  Coal  Measures. 

(5.)  When  specific  types  disappear  without  any  known  suc- 
cessors, under  circumstances  in  which  it  seems  unlikely  that 
we  should  have  failed  to  discover  their  continuance,  we  may 
fidrly  assume  that  they  have  become  extinct,  at  least  locally ; 
and  where  the  field  of  observation  is  very  extensive,  as  in  the 
great  coal  fields  of  Europe  and  America,  we  may  esteem  such 
extinction  as  practically  general,  at  least  for  the  northern  hemi- 
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sphere.  When  many  specific  types  become  extinct  together,  or 
in  close  succession,  we  may  suppose  that  such  extinction  re- 
sulted from  physical  changes ;  out  where  single  types  disfl^ 
pear,  under  circumstances  in  which  others  of  similar  nabit  con- 
tinue, we  may  not  unreasonably  conjecture  that,  as  Pictet  hu 
argued  in  the  case  of  animals,  such  types  may  have  been  in 
their  own  nature  limited  in  duration,  and  may  have  died  out 
without  anv  external  cause. 

(6.)  Witn  regard  to  the  introduction  of  specific  types  we  have 
not  as  yet  a  sufiicient  amount  of  information.  Even  if  we 
freely  aomit  that  ordinary  specific  forms,  as  well  as  mere  va^i^ 
ties,  may  result  from  derivation,  this  by  no  means  excludes  the 
idea  of  primitive  specific  types  originating  in  some  other  way. 
Just  as  the  chemist,  after  analyzing  all  compounds  and  ascer- 
taining all  allotropic  forms,  arrives  at  length  at  certain  ele- 
ments not  mutually  transmutable  or  derivable,  so  the  botanist 
and  zoologist  must  expect  sooner  or  later  to  arrive  at  elementaiy 
specific  types,  which,  if  to  be  accounted  for  at  all,  must  be  ex- 
plained on  some  principle  distinct  from  that  of  derivation. 
The  position  of  many  modem  biologists,  in  presence  of  this 
question,  may  be  logically  the  same  with  that  of  the  ancient 
alchemists  with  reference  to  the  chemical  elements,  though  tike 
fidlacy  in  the  case  of  fossils  may  be  of  more  difficult  detection. 
Our  business  at  present,  in  the  prosecution  of  paleobotany,  is 
to  discover,  if  possible,  what  are  elementary  or  original  types, 
and,  having  found  these,  to  enquire  as  to  the  law  of  their  crea- 
tion. 

(7.)  In  prosecuting  such  questions  geographical  relations 
must  be  carefully  considered.  When  the  floras  of  two  succes- 
sive periods  have  existed  in  the  same  region,  and  under  circum- 
stances that  render  it  probable  that  plants  have  continued  to 
grow  on  the  same  or  adjoining  areas  throughout  these  periods, 
the  comparison  becomes  direct,  and  this  is  the  case  with  the 
Brian  and  Carboniferous  floras  in  North-Eastem  America.  But 
when  the  areas  of  the  two  formations  are  widely  separated  in 
space,  as  well  as  in  time,  any  resemblances  of  facies  that  we 
may  observe  may  have  no  connection  whatever  with  an  un- 
broken continuity  of  specific  types. 

I  desire,  however,  under  this  head,  to  afiirm  my  conviction 
that,  with  reference  to  the  Brian  and  Carboniferous  floras  of 
North  America  and  of  Burope,  the  doctrine  of  **  homotaxis,"  as 
distinct  from  actual  contemporaneity,  has  no  place.  The  succes- 
sion of  formations  in  the  JPaleozoic  period  evidences  a  similar 
series  of  physical  phenomena  on  the  grandest  scale  throughout 
the  northern  hemisphere.  The  succession  of  marine  animals 
implies  the  continuity  of  the  sea-bottoms  on  which  they  livei 
The  head-quarters  of  the  Brian  flora  in  America  and  Europe 
must  have  been  in  conxv^eX^d  ox  ^.dpining  areas  in  the  North 
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Atlantic.     The  siinilarity  of  the  Carboniferous  flora  on  the  two 
sidee  of  the  Atlantic,  and  the  great  number  of  identical  species, 

S roves  a  still  closer  connection  in  that  period.  These  ooinci- 
ences  are  too  extensive  and  too  frequently  repeated  to  be  the 
result  of  any  accident  of  similar  sequence  at  different  times, 
and  this  more  especially  as  they  extend  to  the  more  minute 
differences  in  the  features  of  each  period,  as,  for  instance,  the 
floras  of  the  Lower  and  Upper  Devonian,  and  of  the  Lower, 
Middle,  and  Upper  Carbonijterous. 

Another  geographical  question  is  that  which  relates  to  cen- 
ters of  dispersion.  In  times  of  slow  subsidence  of  extensive 
areas,  the  plants  inhabiting  such  areas  must  be  narrowed  in 
their  range  and  often  separated  from  each  other  in  detached 
spots,  while,  at  the  same  time,  important  climatal  changes  must 
also  occur.  On  the  re-emergence  of  the  land,  such  of  these 
species  as  remained  would  a^in  extend  themselves  over  their 
former  areas  of  distribution,  in  so  far  as  the  new  climatal  and 
other  conditions  would  permit  We  should  naturally  suppose 
that  the  first  of  the  above  processes  would  tend  to  the  elimina- 
tion of  varieties,  the  secona  to  their  increase ;  but,  on  the  other 
hand,  the  breaking  up  of  a  continental  flora  into  that  of  dis- 
tinct islets,  and  the  crowding  together  of  many  forms,  might  be 
a  process  fertile  in  the  production  of  some  varieties,  if  fatal  to 
others. 

Further,  it  is  possible  that  these  changes  of  subsidence  may 
have  some  connection  with  the  introduction,  as  well  as  with 
the  extinction,  even  of  specific  types.  It  is  certain,  at  least,  in 
the  case  of  land  plants,  that  such  types  come  in  most  abun- 
dantly immediately  after  elevation,  though  they  are  most  abun- 
dantly preserved  in  periods  of  slow  subsidence.  I  do  not  mean, 
however,  that  this  connection  is  one  of  cause  and  effect ;  there 
are,  indeed,  indications  that  it  is  not  so.  One  of  these  is,  that 
in  some  cases  the  enlargement  of  the  area  of  the  land  seems  to 
be  as  injurious  to  terrestrial  species  as  its  diminution. 

Applying  the  above  considerations  to  the  Erian  and  Car- 
boniferous floras  of  North  America,  we  obtain  some  data  which 
may  guide  us  in  arriving  at  general  conclusions.  The  Erian 
flora  is  comparatively  poor,  and  its  types  are  in  the  main  simi- 
lar to  those  of  the  Carboniferous.  Of  these  types  a  few  only 
re-appear  in  the  Middle  Coal  formation  under  identical  forms ; 
a  great  number  appear  under  allied  forms ;  some  altogether  dis- 
appear. The  Enan  flora  of  New  Brunswick  and  Maine  occurs 
side  by  side  with  the  Carboniferous  of  the  same  region  ;  so  does 
the  Erian  of  New  York  and  Pennsylvania  vrith  the  Carbonif- 
eirous  of  those  States.  Thus  we  have  data  for  the  comparison  of 
successive  floras  in  the  same  r^on.  In  the  Canadian  region 
we  have,  indeed,  in  direct  sequence,  the  floras  of  the  Upper 
Silurian,  the  Lower,  Middle,  and  Upper  Erian^  and  the  Lc^^^t^ 
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Middle,  and  Upper  Carboniferous,  all  more  or  less  distinct  fix)m 
each  other,  and  affording  an  admirable  series  for  comparison  in 
a  region  whose  geographical  features  are  very  broadly  markei 
All  these  floras  are  composed  in  great  part  of  similar  types,  and 
probably  do  not  indicate  very  dissimilar  general  physical  con- 
ditions, but  thev  are  separate  from  each  other  oy  the  great 
subsidences  of  the  Comiferous  limestone  and  the  Lower  Caroon- 
iferous  limestone,  and  by  the  local  but  intense  subterranean 
action  which  has  altered  and  disturbed  the  Erian  beds  toward 
the  close  of  that  period.  Still  none  of  these  changes  was 
universal.  The  Comiferous  limestone  is  absent  in  Ghisp^  and 
probably  in  New  Brunswick,  where,  consequently,  the  Erian 
flora  could  continue  undisturbed  during  that  long  period.  The 
Carboniferous  limestone  is  absent  from  the  slopes  of  the  Appa- 
lachians in  Pennsylvania,  where  a  retreat  may  have  been  af- 
forded to  the  Upper  Erian  and  Lower  Carlioniferous  floraa 
The  disturbances  at  the  close  of  the  Erian  were  limited  to  those 
eastern  regions  where  the  great  limestone-producing  subsidences 
were  unfelt,  and,  on  the  other  hand,  are  absent  in  Ohio,  whore 
the  subsidences  and  marine  conditions  were  almost  at  a  maxi- 
mum. 

Bearing  in  mind  these  peculiarities  of  the  area  in  question, 
we  may  now  group  in  a  tabular  form  the  distinct  specific  types 
recognized  in  the  Erian  system,  indicating,  at  the  same  tune, 
those  which  are  represented  by  identical  species  in  the  Carbon- 
iferous, those  rej)rescuted  by  similar  species  of  the  same  general 
type,  and  those  not  represented  at  all.  For  example,  Calamiles 
caTnice/brnifs  extends  as  a  species  into  the  Carbonirerous ;  Aster- 
ophyllites  latifoUus  does  not  so  extend,  but  is  represented  by 
closely  allied  species^of  the  same  type ;  Prototaantes  disappeare 
altogether  before  we  reach  the  Carboniferous. 

Of  the  accompanying  forms,  fifty-one  in  all,  found  in  the  Erian 
of  Eastern  America,  all,  except  the  four  last,  are  certainly  distinct 
specific  types.  Of  these  only  four  reappear  in  the  Carboniferous 
under  identical  species,  but  no  less  than  twenty-six  reappear 
under  representative  or  allied  forms,  some  at  least  of  which  a 
derivationist  might  claim  as  modified  descendants.  On  the 
other  hand,  n early ^one  half  of  the  Devonian  types  are  unknown 
in  the  Carbonifero\is,  while  there  remain  a  very  large  number  of 
Carboniferous  typos  not  accounted  for  by  anything  known  in 
the  Devonian.  Further,  a  very  poor  flora,  including  only  two 
or  three  types,  is  the  predecessor  of  the  Erian  flora  in  the  Upper 
Silurian,  and  the  flora  again  becomes  poor  in  the  Upper  Devon- 
ian and  Ijower  Carboniferous.  Every  new  species  discovered 
must  more  or  less  modify  the  above  statements,  and  the  whole 
Erian  flora  of  America,  as  well  as  the  Carboniferous,  requires  a 
thorough  comparison  with  that  of  Europe  before  general  conclu- 
sions can  be  safe\y  dt«L^\i.    In  \Xi^  Tc^^»xitime  I  may  indicate  the 
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direction  in  which  the  fects  seem  to  point,  bj  the  following 
general  statementB : — 

1.  Some  of  the  forms  reckoned  as  specific  in  the  Devonian 
and  GarboniferouB  may  be  really  derivatiye  races.  There  are 
indications  that  anch  races  may  nave  originated  in  one  or  more 
of  the  following  ways : — (1)  By  a  natuml  tendency  in  synthetic 
Wpes  to  become  specialized  in  the  direction  of  one  or  other  of 
tneir  constituent  elements.  Id  this  way  such  plants  as  ArOtro- 
ttigma  and  Psihphyton  xa&y  have  assumed  new  varietal  forms. 
(2)  By  embryonic  retardation  or  acceleration,f  whereby  certain 
species  maynare  had  their  maturity  advanced  or  postponed, 
tnoa  giving  them  various  grades  of  perfection  in  reproductioD 
and  complexity  of  structura  The  fact  that  so  many  Erian  and 
Carboniferous  plants  seem  to  be  on  the  confines  of  our  gronps 
of  Acrc^ns  and  Gymnosperms  may  be  supposed  favorable  to 
8Qch  exchanges.  {sS  The  contraction  and  breaking  up  of  floras, 
as  occurred  in  the  Middle  Erian  and  Lower  Carboniferous,  may 
have  been  eminently  favorable  to  the  production  of  sncti 
varietal  forms  as  would  result  from  what  has  been  called  the 
"straggle  for  existence"  (4)  The  elevation  of  a  great  expanse 
of  newiand  at  the  close  of  the  Middle  Erian  and  the  beginning 

t  In  th«  muner  iUuiIniWd  by  Hjatt  and  Cop*. 
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of  the  Coal  period,  would,  by  permitting  the  extension  of  species 
over  wide  areas  and  fertile  sods,  and  by  removing  the  pressure 
previously  existing,  be  eminently  favorable  to  the  production    • 
of  new,  and  especially  of  improved,  varieties. 

2.  Whatever  importance  we  may  attach  to  the  above  supposed 
causes  of  change,  we  still  require  to  account  for  the  origin  of  our 
specific  types.  This  may  forever  elude  our  observation,  but  we 
may  at  least  hope  to  ascertain  the  external  conditions  favorable 
to  their  production.  In  order  to  attain  even  to  this  it  will  be 
necessary  to  inquire  critically,  with  reference  to  every  acknow- 
ledged species,  what  its  claims  to  distinctness  are,  so  that  we 
may  be  enabled  to  distinguish  specific  types  fix)m  mere  varieties. 
Having  attained  to  some  certainty  in  tnis,  we  may  be  prepared 
to  inquire  whether  the  conditions  favorable  to  the  appearance 
of  new  varieties  were  also  those  favorable  to  the  creation  of  new 
types,  or  the  reverse — whether  these  conditions  were  those  of 
compression  or  expansion,  or  to  what  extent  the  appearance  of 
new  types  may  be  mdependent  of  any  external  conaitions,  other 
than  those  absolutely  necessary  for  their  existence.  I  am  not 
without  hope  that  the  further  study  of  fossil  plants  may  enable 
us  thus  to  approach  to  a  comprehension  of  the  laws  of  the  crea- 
tion, as  distinguished  from  those  of  the  continued  existence  of 
species. 

In  the  present  state  of  our  knowledge  we  have   no  good 
ground  either  to  limit  the  number  of  specific  types  beyond  what 
a  fair  study  of  our  material  may  warrant,  or  to  infer  that  such 
primitive  types  must  necessarily  have  been  of  low  grade,  or  that 
progress  in  varietal  forms  has  always  been  upward.     The  occur- 
rence  of  such   an  advanced  and  specialized  type    as  that  of 
Syringoxylon^  in  the  Middle  Devonian,  should  guard  us  against 
these  errors.     The  creative  process  may  have  been  applicable  to 
the  highest  as  well  as  to  the  lowest  forms,   and   subsequent 
deviations  must  have  included  degradation  as  well  as  elevation. 
I  can  conceive  nothing  more  unreasonable  than  the  statement 
sometimes  made  that  it  is  illogical  or  even  absurd  to  suppose 
that  highly  organized  beings  could   have  been  produced  except 
by  derivation  from  previously  existing   organisms.       This  l« 
begging  the  whole  question  at  issue,  depriving  science  of  a  noble 
department  of  inquiry  on  which  it  has  as  yet  barely  entered, 
and  anticipating  by  unwarranted  assertions  conclusions  which 
may  perhaps  suddenly  dawn  upon  us  through  the  inspiration  of 
some  great  intellect,  or  may  for  generations  to  come  baffle  the 
united  exertions  of  all  the  earnest  promoters  of  natural  science 
Our  present  attitude  should  not  be  that  of  dogmatists,  but  that 
of  patient  workers  content  to    labor  for    a  narvest  of  grand 
generalizations  which  may  not  come  till   we  have  passed  away, 
hut  wliich,  if  we  arc  eamCwSt  and  true  to  nature  and  its  Creator, 
may  reward  even  som^ j:>?  \xsk 
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Art.  TiTTL — On  some  Phenomena  of  Binocular  Vision;  by 
Joseph  LeConte,  Prof.  Geol.  and  Nat  Hist,  University  of 
California. 

In  giving  my  own  explanation  of  the  phenomena  of  M.  Pic- 
tet's  expenments,  I  will  commence  with  the  experiment  with 
the  piece  of  money.  If  M.  Pictet  had  made  this  experiment 
without  the  median  screen,  it  seems  to  me  the  true  explanation 
could  not  have  escaped  hiuL  Let  us  then  first  try  it  without 
the  screen. 

If  I  place  a  piece  of  money  on  a  sheet  of  paper  lying  on  the 
table,  and  look  downward  in  the  direction  of  tne  piece,  but  at 
the  same  time  gaze  on  vacancy,  I  see  two  heteronymous  images, 

8.  a  a'  (fig.  8),  separated 

by  an  interocular  space. 
If  I  now  attempt  to 
outline  these  images,  I 
see  also  two  images  of 
i/ie  pencil.  If  I  use  the 
right-eye  image  (left  image)  of  the  pencil  p  to  draw  the  left-eye 
image  (right  image)  of  the  money  a',  then  I  see  one  pencil  trac- 
ing the  outline  h  of  the  image  a  ,  while  another  pencil  makes  a 
tracing  b'  with  no  money  in  it  If  I  now  examine  the  result  of 
this  experiment,  I  find  the  tracing  I  have  made,  B  (fig.  9),  at 
y  some  distance  (an  interocular  space)  from 

the  piece  A  to  the  right  The  explanation 
is  obvious.  In  gazing  on  vacancy,  as  al- 
ready explained  (2),  the  whole  fiela  of  view 
is  shiftea  by  each  eye  heteronymously  a 
half  interocular  space.  The  left-eye  image 
of  A  (fig.  9)  and  the  right-eye  image  of  the  spot  B  are  brought 
together  and  superposed  (a'  o,  fig.  8) ;  while  tne  right-eye  image 
of  A  and  the  left-eye  image  of  B  are  seen  to  the  left  and  right 
respectively  (a  and  6',  fig.  8).  It  is  precisely  the  same  as  the 
superposition  of  the  double  images  of  two  fingers  described  on 
page  165.  If,  instead  of  using  the  right  image  of  the  pencil 
to  draw  the  left-eye  image  of  the  money,  I  use  corresponding 
images  of  the  pencil  and  money,  i.  e.,  right-eye  images  or  left-eye 
images  of  both,  I  find  I  place  the  pencil  on  the  money.  Finally, 
if  I  use  the  left-eye  image  p\  fig.  8,  of  the  pencil  to  draw  the 
right-eye  image  a  of  the  money,  I  find  I  have  made  a  tracing 
an  interocular  distance  to  the  left,  and  the  result  of  both  experi- 
ments is  two  tracings  a  double  interocular  distance  apart 

Now  in  M.  Pictet's  mode  of  performing  the  experiment,  by 
the  use  of  the  median  screen,  we  cut  oflf  the  right-eye  image  of 
the  money  a,  fig.  8,  and  the  left-eye  image  of  the  pencil  p\  fig. 
8,  and  we  therefore  see  only  the  left-eye  image  of  the  moiaft^  a' 
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together  by  the  law  of  correspondiog  points.  In  M.  Pictet's 
experiment  these  two,  the  pencil  and  the  money,  are  similarly 
related  to  the  two  eyes,  one  on  one  side  and  the  other  on  the 
other  side  of  the  screen — one  exposed  to  the  view  of  one  eye 
and  the  other  to  the  view  of  the  other  eye.  If  the  image  we  draw 
is  an  illusive  image  seen  by  the  right  eye,  then  the  pencil  with 
which  we  draw  must  be  also  an  illuBive  image  seen  by  the  left  eye. 
But  to  explain  M.  Pictet's  experiment  a  little  &rther :  When 
we  look  directly  at  the  money,  M.  Pictet  says  "  we  see  that  the  ver- 
tical screen  is  transparent  throughout,  and  that  it  permits  the 
right  eye  to  see  the  piece  as  through  a  perfectly  diaphanous 
garface."  But  there  are  Aoo  transparent  screens  seen.  The  one 
aeea  by  the  right  eye  M.  Pictet  observes,*  the  other  apparently 
escapee  his  observation.  The  truth  is,  when  we  look  at  the  money, 
the  heteronymously  doubled  images  of  the  median  screen  m  m' 
(fig.  14)  meet  at  the  distance  of  the  point  of  sight  The  actual  rela- 
tion of  parts  is  seen  in  tig.  7  (p.  322),  in  which  A  K  and  A  L  are  the 
visual  lines  converged  upon  the  piece  A.  The  visual  result  is 
Been  in  fig.  14.  It  is  seen  that  the  visual  line  of  the  right  eye 
Btops  at  tae  right  eye  image  of  the  median  screen,  while  the  left 
u  visual  line  runs  parallel  to  its  image 

J  of  the  median  screen  unobstructed 
I  to  the  piece  a'.  Again,  "  if  we  give 
I  to  the  optic  axes  a  direction  more 
I  parallel,  says  M.  Pictet,  "  we  see 
I  the  image  of  illusion  move  gradually 
I  to  the  nght,  traverae  the  screen,  and 
I  come  on  the  right  side."  But  again, 
I  he  does  not  observe  that  there  are 
I  two  screens  seen ;  and  again,  it  is 
I  the  left  eye  image  of  the  screen 
I  which  he  neglects.  In  truth,  as  the 
I  eyes  become  parallel,  the  two  images 
I  of  the  screen,  in  S  and  m'  S'  fig.  14, 
I  gradually  open  until  they  become 
1  parallel,  and  the  piece  ia  seen  be- 
I  tween  them,  as  already  shown  in  fig. 
I  IS.  The  piece  does  not  in  the  least 
'  change  its  position  in  relation  to  the 
creen  seen  by  the  le/teye;  only  the  right  eye  shijis  its  image  of  the 
creen  to  the  left  of  it  If  Jl.  Pictet  would  place  another  piece 
>f  money  on  the  right  side  of  the  screen  exactly  where  he  made 
he  outline  tracing,  he  would  observe  the  two  pieces  unite  in 
me,  precisely  as  stereoscopic  pictures  are  united.  According 
o  M.  Pictet  s  principles,  this  must  be  regarded  as  the  union  of 
wo  illusive  images.     Where,  then,  are  the  real  images? 

*  nier«  aeemH  to  b«  a  kind  of  dexttrily  in  the  right  eje.     In  msny  caaea  of 
loobb  iinii|!«(<,  most  per>oD!i  linbitiiall;  Delect  the  len.efe  image. 
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It  is  now  easily  understood  that  by  the  use  of  lenses  before 
the  right  eye,  in  1^.  Pictet's  experimente,  the  image  is  not  affected, 
not  because  it  is  illusive,  but  oecause  it  is  the  image  of  the  I^ 
eye.  But  if  the  experiment  be  made  without  the  median  screen, 
taeo  the  true  riehtreje  image  a,  fig.  8,  will  be  seen  to  tlie  teft 
and  loiU  be  enlarged.  The  explanation  of  the  outlintng  of 
objects  seen  under  the  microecope  is,  of  course^  preciaelr  tfe 
same,  as  is  also  tLat  of  the  tracing  on  the  bLink  half  <f » 
stereoscopic  card  the  outline  of  a  picture  existing  on  the  oAcr 
half 

I  might  illustrate  the  subject  farther  in  many  ways,  l 
seems  scarcely  necessary.  I  will  only  remark,  in  pas^ng.j 
by  the  movement  of  the  fields  of  view  already  expltuni 
it  is  easy,  by  voluntary  squinting,  to  outline  a  piece  of  Hi 
in  any  part  of  a  sheet  of  paper  one  may  desire.  I  now  j 
a  piece  of  money  on  a  sheet  of  paper  lying  on  the  taUi 

{)Uice  the  pencil  on  any  point  where  I  desire  to  mnke  tlieq 
ine ;  it  may  be  4,  6, 10  or  12  inches  from  the  piece.     By  Hqn 
ing,  I  now  bring  together  the  right-eye  image  oi    the  pi 
and  the  lefl-eye  image  of  the  pencil,  and  then  tnuie  ihe  outH 
It  is  a  little  difficult,  it  is  true,  without  some  Hmall  object  tt 
the  point  of  optic  convergence  (point  of  sight)  to  hold  the 
axes  steady,  and,  therefore,  to  make  the  tracing  accomta    I 
only  speak  of  it  to  illustrate  tlie  principle  of  making  tracings 
of  objects  at  any  distance    from    the  object   itself.      In  the 
ease  of  squinting,  of  course  a  median  screen  is  jnadmisyihle. 
The  phenomena  of  M,  Pictet'.'i  first  experiment,    fig.  6,  will 
IB.  If.  now  be    easily  un- 

I  derstood.    Unomt- 
n  screen  is  used. 
then  fig,  15  will  rep- 
resent the  actual  rc- 
l  lation  of  parts,  and 
I  fig.  16  the  visual  rc- 
I  salt      By   compar- 
I  ing  these   two  fig- 
1  ures,  it  will  be  seeu 
that  the  two  visual 
I  lines  V  i'  are  hroughi 
I  together,  so  that  ihf 
I  left-eye  image  of  A. 
I  and    the    right-eje 
I  images  of  the  spui 
I  b  and  the  pencil  P. 
fig.  15,  are  brougLi 
in  the  same  line  in 
ig.  16 ;  but  tlie  left-eye  images  of  the  spot  b  and  of  the  [leiiril 
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,  fig.  15,  are  seen  to  the  right  b'  F',  fig.  16.  If  we  attempt  to 
w  P'  instead  of  P  to  make  the  outline,  we  would  miBH  the 
xeen.  Now  in  M.  Pictet'a  experiment  with  the  median  screen 
;.  6,  this  screen  cuts  off  the  left-eye  image  of  the  spot  b  and 
of  the  pencil  P,  bo  that  we  have  only  the  left- 
1  eye  im^  of  the  object  A,  and  the  right-eye 
I  image  of  the  spot  h ;  and  these,  by  the  law  of 
I  corresponding  points,  are  brought  in  the  same 
I  line.     The   visual   result  is  represented  in 

fig.  17. 
1  As  illustraldng  the  singular  ooniiiBion  into 
I  which  M.  Pictet  has  iallen,  I  would  draw 
I  attention  to  the  fact,  that  in  his  ezperimenta 
I  on  the  transparency  of  doable  images,  de- 
I  scribed  on  page  8,  as  well  as  in  the  ezperi- 
1  ment  last  explained,  the  double  imagee  are 
I  r^^arded  as  real,  while  the  objects,  seen  beyond 
I  as  through  a  transparency,  are  r^arded  as 
I  iUtisive.  But  in  the  experiment  with  the  piece 
I  of  money,  it  is  one  of  tne  dovbU  images  which 
1  he  r^ards  as  illusive 

I  It  is  unnecessary  to  follow  M.  Pictet  through 
11  his  experiments,  as  the  same  principles  of  explanation  appy 
)  alL  There  is  one  more  point,  however,  which  I  wish  to  take 
p  at  some  length.  It  is  the  theory  of  binocular  relief.  I  wish 
)  show  the  fallacy  of  M.  Pictet's  views,  and  at  the  same  time 
)  bring  out  more  distinctly  than  I  have  ever  yet  done  my  own 
iewa  on  this  important  suoject 

M.  Pictet  believes  that,  in  every  actof  binocular  vision,  there 
re  four  extanal  images  formed ;  that  each  eye  has  its  own  real 
nt^e,  produced  by  the  luminous  retinal  image,  and  its  illusive 
nage,  propagated  from  the  luminous  impression  of  the  other  eye, 
nd  identical  with  the  real  image  of  the  latter;  that,  as  the  two 
3al  images  differ  slightly  from  each  other,  being  taken  from 
ifferent  points  of  view,  so  do  their  fac-similes  the  two  illusive 
nages ;  also,  necessarily,  that  the  real  and  illusive  images  of 
ach  eye  difier  precisely,  as  do  the  two  real  images  or  the  two 
lusive  images.  He  believes  that  the  perception  of  relief  is  the 
esuU  of  comparison  by  each  eye  of  its  real  with  its  illusive  image. 
fow  what  advantage  this  theory  has  over  the  usual  and  simpler 
ne  of  Brewster,  Prevost  and  Briicke,  considering  the  &ct  that 
\ie  real  and  illusive  image  of  each  eye  differ  precisely  as  do 
ae  real  images  of  the  two  eyes,  it  is  impossible  to  imagine 
(at  M.  Fictfit  regards  the  existence  of  the  tour  images  not  as  a 
aestion  of  advantage,  but  as  a  question  of  feet  "A  very 
imple  geometric  construction  shows  us  thus  four  images  iden- 
ical,  two  to  two."    I  reproduce  M.  Pictet's  figure  illustrating 
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this  point.  The  full-lined  figs.  AandBare  twoprojectioiiaoli 
troncated  pyramid,  as  seen  by  theleft  and  right  eye respectJTdT- 
I  On  uie  same  sdhu- 
I  ler  or  nmier  bus, 
I  two  dottra-lined  fig- 
1  urea  are  drawn  in 
I  sach  wise,  that  each 
I  dotted-lined  fignn 
8  exactly  ™T"il»r  to 
I  the  other  fall-lined 
I  figure^  These  few 
I  figares,  according  to 
m!  Pictet,  represoit 
acGorately  the  fdw 
I  imagea  fonned  in 
I  looking  at  a  tiagk 
truncated  pymmid, 
the  fuU-lined  figures  being  the  true  and  the  dotted-lined  fignia 
the  illusive  images.  For,  says  he,  "  if  we  unite  in  one  single 
image  these  four  contours  (by  means  of  a  stereoscope),  we  ex- 
perience instantly  the  impression  of  a  solid  body ;  and  we 
see  that  in  fact  the  dotted  lines  are  covered  by  the  fiill  lines 
in  the  binocular  image,  which  confirms  our  dedttclion"  (p.  141). 

Now,  according  to  the  usual  theory  of  binocular  reKefi  viz., 
that  of  Briicke,  Prevost  and  Brewster,  how  could  it  be  other- 
wise? By  construction,  each  dotted-lined  figure  is  the  fac-simile 
in  form  of  the  other  fuli-Uned  figure,  so  that  when  their  com- 
mon faces,  the  small  triangles,  are  united,  the  full-lines  of  the 
one  figure  rmist  coincide  with  the  dotted  lines  of  the  other.  M. 
Pictet  has  therefore,  by  his  dotted  lines,  only  represented  in 
each  of  his  figures  what  must  take  place  in  the  binocular  rom- 
bination  of  his  two  full-lined  Jigures,  if  there  were  no  dotted  lin«s 
present ;  viz.,  the  doubling  of  the  lines  of  the  larger  triangles 
or  lower  bases,  when  the  small  triangles  or  upper  bases  are  per- 
fectly united ;  a  fact  well  known  to  every  accurate  observer, 
and  which  forms  the  foundation  of  Briicke's  theory. 

Briicke,  Prevost  and  Brewster  explain  the  perception  of  relief 
by  rapid  changes  of  optic  convergence,  by  means  of  which 
different  parts  of  the  two  dissimilar  images  of  the  same  object, 
or  of  two  stereoscopic  pictures,  are  successively  united.  In 
M.  Piutet's  full-lined  figures,  for  example,  when  the  smaller 
triangles  ure  united,  the  lines  of  the  larger  triangles  are  slightly 
doubled  ;  and  when,  by  less  optic  convei^ence,  the  larger  tri- 
angles are  perfectly  united,  then  the  smaller  triangles  are 
doubled.  Thus,  the  alternately  greater  and  less  eonvei^ence, 
necessary  to  unite  successively  different  parts  of  the  pictures — 
the  ranging  of  the  point  of  sight  back  and  forth — precisely 
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like  that  which  takes  place,  in  natural  vision,  in  looking  suc- 
cessively at  nearer  and  more  distant  objects,  or  nearer  and  more 
distant  parts  of  the  same  object,  gives  a  distinct  perception  of 
relief 

No  one  who  has  carefully  analyzed  bis  visual  impressions, 
either  in  natural  vision  or  m  stereoscopic  combination  of  pic- 
tures, can  for  a  moment  doubt  that  there  is  in  all  cases  a  change 
of  optic  convergence  necessary  to  unite  the  different  portions  of 
a  stereoscopic  picture  or  of  a  natural  solid  object ;  and  that 
W  heatstone's  idea  of  a  complete  mental  combination  of  dissimi- 
lar images,  though  still  supported  bv  great  names,  is  certainly 
erroneous.  In  my  own  case,  the  aoubling  of  objects  in  the 
foreground  of  stereoscopic  pictures,  while  1  look  at  the  back- 
ground and  vice  versa,  is  as  plain  as  any  other  phenomenon  of 
vision.  It  is  impossible  for  me  to  doubt  what  I  see  so  plainly. 
Precisely  similar  phenomena  I  detect  with  ease  in  viewing 
solid  objects.  Briicke  and  Prevost  are  therefore  certainly  right 
in  insisting,  against  Wheatstone,  on  the  impossibility  of  com- 
plete union  of  all  parts  of  a  stereoscopic  picture  of  an  object 
at  the  same  moment ;  but  they  are,  I  believe,  as  certainly  wrong 
in  insisting  on  changes  of  optic  convergence  as  absolutely  necessary 
to  the  perception  of  relief  It  is  possible  to  perceive  relief— even 
while  looking  steadily  at  one  point  in  a  stereoscopic  or  in  a  natural 
scene  Dove's  much  quoted  experiment  seems  to  prove  that 
we  can  distinctly  perceive  stereoscopic  relief  by  the  light  of  an 
electric  spark,  which  according  to  W  heatstone  s  celebrated  ex- 
periment lasts  only  -^j^sz  of  a  second;  a  time  too  short  to 
allow  change  of  optic  convergence.  The  relative  distance  of 
objects,  I  think,  without  doubt,  can  be  distinctly  perceived  by 
the  light  of  a  flash  of  lightning,  which  according  to  Arago 
lasts  less  than  ttVttj*  ^^^  according  to  Rood  yi^t  of  a  second. 
These  facts  seem  to  prove  that  stereoscopic  relief  can  be  per- 
ceived instantly  and  tvithout  change  of  optic  convergence. 

This  point  is  evidently  one  of  capital  importance  in  the 
theory  of  binocular  vision.  The  instantaneous  perception  of 
relief  is  evidently  ^to?  to  Briicke^ s  theory.  With  the  assistance 
of  my  brother,  Prof.  John  LeConte,  I  have,  therefore,  recently 
made  a  series  of  experiments  to  test  its  correctness.  These 
experiments  entirely  confirm  Dove's  results,  and  establish  be- 
yond doubt  the  instantaneous  perception  of  relief. 

The  apparatus  used  in  these  experiments  was  a  first-class 
Ritchie's  induction  coil,  capable  of  producing  with  ease  12-inch 
sparks.  The  contact-breaKer  was  of  such  kind  that  the  rapi- 
cuty  of  the  sparks    was    completely    under  the    control   of 

•  Arago,  CEuvres  complete,  tome  4,  p.  70.         f  This  Jour.,  Ill,  vol.  i,  p.  16. 
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the  operator.  A  Leyden  iar  was  introduced  into  the  circuit 
in  order  to  increase  tne  brilliancy  of  the  sparks.  The  sparks 
were  1-2  inches  in  length.  I  selected  stereoscopic  pictures  in 
which  all  other  forms  of  perspective  were  entirely  wanting,  so 
that  910  relief  was  visible  wim  orue  eye.  Outline  geometrical 
figures  are  best  for  this  purpose. 

I  first  viewed  these  in  the  stereoscope  by  the  continuous  light 
of  a  rapid  succession  of  sparks,  until  the  stereosoopic  combina- 
tion was  perfect  On  making  the  sparks  separately  at  long 
intervals,  the  relief  was  stUl  'perfectly  dear  and  unmistakable. 
On  shutting  one  eye,  the  sparks  continuing  at  intervals,  the 
relief  disappeared ;  on  re-opening,  it  immediately  re-appeared. 

I  next  tned  combination  of  the  pictures  with  the  naked  eye 
by  squinting.  This  method  is  entirely  removed  from  any  sus- 
picion of  &llacy  arising  fix)m  any  other  kind  of  perspective; 
since,  as  already  stated  in  my  previous  paper,*  the  bmocular 
perspective  is  inverted^  and  therefore,  must  overbear  all  other 
forms  of  perspective  where  these  exist  Bv  a  rapid  succession 
of  sparks,  the  combination  was  easy  and  the  inverse  perspec- 
tive perfect  When  the  sparks  were  made  with  long  interrals 
between,  stUl  the  relief  was  clear  and  unmistakable.  Shutting 
one  eye  the  relief  disappeared,  but  immediately  reappeared  on 
re-opening. 

When  I  first  commenced  my  experiments  by  either  of  these 
methods,  but  especially  the  last,  a  rapid  succession  of  sparb 
was  necessary  to  eflFect  combination.  After  the  proper  axial 
adjustment  was  once  obtained,  it  could  be  retained  without 
difficulty  in  the  interval  pf  darkness.  After  some  practice 
however,  the  rapid  succession  of  sparks  was  no  longer  necessary. 
The  combination  was  effected,  and  the  relief  perceived  by  5^- 
rate  flashes  alone. 

Lastly,  I  tried  natural  vision.  Two  small  objects,  (brass 
balls  mounted  on  wires)  were  placed  one  beyond  the  other  at 
the  distance  of  five  or  six  feet,  and  separated  from  each  by  a 
space  of  about  1  foot ;  sometimes  in  the  median  line,  and  some- 
tmies  one  of  them  a  little  out  of  the  median  line,  but  in  all 
cases  so  arranged  Ihat  their  relative  distance  could  not  be  dekcted 
by  monocular  vision,  even  in  the  full  light  of  day.  By  the 
spark  their  relative  distance  was  at  once  detectable  ivilh  tuv  eyes, 
tliougli  not  with  one.  This  last  experiment  was  varied  in  many 
ways,  but  always  with  the  same  result 

Stereoscopic  combination  by  squinting  requires  considerable 
practice,  even  in  the  full  light  of  day,  and  of  course  much 
more  by  the  electric  spark.  All  the  other  experiments  were 
repeated  by  my  brother,  and  my  results  confirrne*!. 

*  III,  vol.  ii,  p.  1. 
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M.  Pictet  rigkUy  urges  Dove's  experiment  on  the  instantan- 
eous perception  of  relief  as  fatal  to  Briicke's  theory,  but  wrongly 
as  confirming  his  own.  The  objection  applies  equally  to  both. 
In  both  cases  there  is  a  judgment  formed  from  a  comparison  of 
dissimilar  images  or  pictures,  and  it  can  make  no  difference 
whether  the  images  are  real  or  illusive,  or  whether  one  be  real 
and  one  illusive,  since  the  illusive  image  behaves  in  all  respects 
and  under  all  circumstances,  precisely  like  the  real  image  of 
the  other  eye. 

The  only  true  explanation  of  the  instantaneous  perception  of 
relief  is,  I  believe,  that  given  in  my  paper  recently  published.* 
As  already  stated  (8),  all  objects  or  points,  either  beyond  or  on 
this  side  the  point  of  sight,  are  doubled,  but  differently,  the 
former  homonymovsly  the  latter  heteronymovsly ;  the  double 
images  of  the  former  are  united  by  less^  the  latter  by  greater  con- 
vergence. Now  the  observer  i7M>t/;5  instinctively  and  without  trials 
in  any  case  of  double  images,  whether  they  uriU  be  united  by 
greater  or  less  convergence  ;  ana  therefore,  never  makes  a  mistake 
nor  attempts  to  unite  by  a  wrong  movement  of  the  optic  axis. 
In  other  words  the  eye  instinctively  distinguishes  between  homony- 
mous and  heteronymotts  inuiges^  referring  the  former  to  objects  or 
points  beyond^  and  the  latter  to  objects  or  points  on  this  side,  the 
point  of  sight  My  own  theoir  of  stereoscopic  relief,  then,  is 
this :  The  eye  perceives  relief  instantly,  by  means  of  double 
images,  as  just  explained ;  but  the  perception  is  made  much 
clearer  by  changes  of  optic  convergences,  oy  ranging  the  eyes 
back  ana  forth  fix)m  for^round  to  background  and  vice  versa, 
and  the  successive  combination  of  different  parts  of  the  object 
or  pictures,  as  maintained  by  Briicke. 

in  regard  to  the  relative  merits  of  the  nativistic  and  empiris- 
tic  theories,  i.  e.,  whether  corresponding  points  are  such  con- 
genitally  or  become  so  by  expenence,  I  quite  agree  with  Don- 
aers,  that  there  is  truth  in  both  views.  In  a  letter  to  Prof 
T^ndall,  published  in  the  PhiL  Mag.  for  April,  1871,  referring 
to  the  question  whether  the  "  law  of  direction  "  was  native  or 
acquired,  I  have  said  that  instinct  is  nothing  but  **  inherited 
eacperiencc^^-f  Precisely  the  same  remark  applies  to  the  law  of 
corresponding  points.  It  is  acquired  by  the  experience  of  siuxes- 
sive  generations  transmitted  by  the  fat^^/*  inheritance,  and  made 
more  perfect  by  individual  experience.  The  inherited  experience 
is  greater  in  the  lower  animals,  the  individual  expenence  is 
greater  in  man.  Binocular  single  vision  is  therefore,  to  a  large 
extent,  instinctive  even  in  man,  and  much  more  so  in  lower 
animals.  Doubtless,  this  is  equivalent  to  saying  that  there  is 
Sfime  structural  arrangement  in  the  nervous  centers  which  deter- 

*  TliiB  Jour.,  ni,  YoL  ii,  p.  1,  et  aeq. 

f  I  had  not  then  seen  the  similar  view  of  Hering,  viz.,  that  instinct  Is  "  inherited 
memory." 
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mines  single  vision  by  corresponding  points ;  but  whether  iJiere 
is  any  such  fusion  of  corresponding  fibres  as  supposed  bj 
Miiller,  or  any  such  reflection  of  illusive  images  from  eye  to 
eye  as  supposed  by  M.  Pictet,  can  never  by  determined  exoqrt 
by  anatomical  investigation  ;  and  even  if  so  determined  in  we 
affirmative,  could  not  possibly  show  itself  in  any  visual  pheno- 
menon, since  by  supposition  every  such  illusive  ima^  must  be 
absolutely  identical  with,  and  absolutely  inseparable  fix)iD,  a 
real  image  seen  by  the  other  eye. 

Oakland,  California,  June  9, 1871. 


Art.  LIV. —  The  American  &H>ngilla^  a  craypedoie^  flagtUak 
Injusorian ;  by  H.  James-Clark,  A.  B.,  K  &,  Pro£  Nat, 
Hist,  Kentucky  University,  Lexington,  Ky.     (With  a  Plate). 

The  argument  of  Hseckel,  and  others,  that  the  Sponges  are 
essentially  compound  Polypi,  is  virtually  based  upon  3ie  as- 
sumption that  the  minor  (anerent)  and  major  (efferent)  ostioles 
of  the  former  correspond  to  the  mouths  of  the  latter ;  and  that 
the  profusely  branching  afferent  and  efferent  canals  of  the  Spon- 
ges are  strictly  comparable  with  similar  canals  in  the  polvpidom 
of  Halcyonanans :  and,  by  implication,  that  the  ciWl)earing 
cells  of  the  interior,  lining- wall  of  the  Zoophjrte  find  their  homo- 
logues  in  the  ciliated,  cell-like  bodies  of  the  interior  chambers 
of  the  Porifera.  If,  now,  it  should  turn  out  that  these  last  are 
not  altogether  mere  cell-components  of  a  tissue,  but  are  each, 
severally,  an  independent  body,  although  closely  connected 
with  others  in  a  common  bond,  then  the  attempted  parallelism 
between  the  two  groups  must  utterly  fail  of  confirmation.  The 
tendency  of  Carter's  later  investigations,  and  our  own  too,  is  to 
show  that  this  is  no  vain  supposition. 

For  ourselves,  we  hold  that  each  ciliated  body  of  the  Sponge 
is  a  cephalic  member  (a  cephalid  in  this  case)  of  a  poly  cephalic 
individual.*  We  believe,  as  far  as  we  can  understand  his  un- 
decided, rather  hesitating  position,  Carter*s  latest  decision  is. 
that  the  Sponge  is  a  community  of  Amoebous  individuals,t  and 
not  a  pol^cephalic  unit  Yet,  whichever  view  prevails,  the 
tendency  is  the  same,  and  the  Polyp  theory  is  negatived  most 
unquestionably.  The  incompatibility  of  the  interior  organisms 
of  the  two  groups,  above  mentioned,  is  so  great  that  it  would 
seem  as  idle  to  elaborate  a  proof  of  it,  as  to  attempt  the  demon- 
stration of  an  axiom.     The  question  is  really  circumscribed. 

*  See  our  article  on  ^^  Polarity  and  Polycephalitm^^^  this  Journal,  JanuAiy,  1870. 

f  See  Carter,  On  Fecundation  in  the  two  Volvoces ;  on  Budorina,  Spong^  kt 
Annals  and  Magazine  Nat  Hist,  January,  1869;  also  for  July,  1871,  Or  mv 
Sponges^  kc 
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according  to  the  method  of  Hadckel,  to  arguing  that,  since  a  sys- 
tem of  branching  canals  in  the  Sponge  reminds  one  very 
stroDglj  of  the  intricate  network  of  passage-ways  in  the  basal 
parts  of  certain  Polyps,  therefore  the  two  are  homologous,  and 
Dear  an  identical  relation  to  the  rest  of  the  organism.  Carter 
{On  new  Sponges,  Ac,  Ann.  Mag.  Nat  Hist,  July,  1871)  has  an- 
swered this  &r-fetched  homology  with  considerable  detail  in 
a  recent  paper ;  and  we  do  not,  therefore,  feel  called  upon  to 
add  more  to  it 

The  principal  aim  of  this  article  is  to  furnish  new  material 
in  proof  of  the  polycephalism  of  the  Spongias,  and  particularly 
in  regard  to  their  relation  with  the  Protozoa  Flagellatcu  We 
are  highly  pleased  to  find  that  Carter  has  lately  (ut  sup.,  July, 
1871)  confirmed  our  earliest  observations*  as  to  the  organization 
of  the  collar-bearing  monads  of  Leucoselenta,  by  an  investigation 
of  Oranif'a  compressa.  He  has  also  accepted  our  interpretation 
of  the  horn-like  processes  of  the  sponge-ceU  of  Spongula  alba  ; 
that  they  are  the  outlines  of  a  membraneous  collar  in  profile. 

We  have  now  to  bring  forward  a  fourth  example  of  a  eras- 
pedote,  flagellate  monad-cephalid  in  a  Sponge.  It  seems  to  be 
a  SpongtUa,  but  specifically,  at  least  in  its  monads,  it  differs 
fix>m  the  English  forms.  For  convenience  sake,  we  will  call  it 
Spongilla  arachnoidea,  from  its  resemblance  to  an  irregular 
spider-web.  It  lives  in  fresh  water  streams  and  ponds,  usually 
aoout  the  bottom  of  the  stems  of  water-plants,  or  wherever 
there  is  considerable  shade ;  apparently  avoiding  the  light,  as 
we  seldom,  if  ever,  found  it  in  open  water.  In  size  it  varies 
from  a  few  inches  to  half  a  line  in  diameter ;  of  no  definite 
ahape ;  and  has  a  uniform  fuscous  or  yellowish- brown  color ; 
and  is  wrapped  about  by  a  filmy,  transparent,  colorless  enve- 
lope ("  investing  membrane  "  Carter).  The  brown  color  is  inherent 
to  the  interior  mass,  in  which  the  groups  of  monads  are  im- 
bedded ;  in  fact  the  latter  are  themselves  as  strongly  colored  by 
brown  granular  contents.  The  "  investing  niemorane  *'  is  also 
slightly  tinged  with  amber  color  by  the  large  and  small  spicules 
which  are  imbedded  in  it.  Excepting  in  very  small  specimens, 
foreign  matter  is  often  so  thickly  spread  over  the  surface  as  to 
obscure  the  view  and  seriously  interfere  with  a  correct  inter- 
pretation of  the  relation  of  parts.  We  have  been  most  fortunate 
m  our  endeavors  with  the  minuter  individuals,  which  occasion- 
ally, we  found,  would  allow  a  view  through  and  through  their  en- 
tire bulk,  and  of  course  lefl  full  opportunity  for  a  satisfactory 
study  of  the  details  of  special  parts,  without  our  resorting  to  the 
dissecting  needlea  Anyone  who  knows,  by  experience,  the  in- 
tense contractility  of  the  living  sponge,  can  appreciate  the  ad- 

^  Ifemoira  Boston  Soc  Nat  Hist,  yoL  i,  1867,  *'  Onthe  Spon^fw  CHiata  as  In- 
hacria  FlageOata,'' 
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vantage  of  not  being  obliged  to  destroy  and  sever  parts  of  an 
organism  from  their  natural  relations.  Premising  thus,  that 
everything  has  been  studied  "in  place,"  even  to  the  details  of 
the  monads,  we  shall  endeavor  to  describe  this  sponge  as  if  it 
were  to  be  the  type  for  future  comparison. 

Qeneial  plan, — ^The  whole  individual  sponge  is  endowed 
with  a  double  envelope  (fig.  1  a,a\  c,  c?,)  the  outer  and  inner 
parts  of  which  are  directly  continuous  into  each  other  at  many 
points.  The  outer  division  (a,  a')  lies  at  a  considerable  distance 
trom  the  monadigerous  mass  (g),  and  is,  as  it  were,  suspended 
on  the  points  of  the  larger,  far-projecting  spicules  (c) ;  just  as  a 
tent  canvas  is  supported  on  the  ends  of  poles.  The  inner  di- 
vision (c)  closely  embraces  the  monadigerous  mass  like  an 
epidermis,  and  even  plunges  between  the  hollow  groups  of 
monads,  forming  to  them  a  basis  of  support  The  outer  and 
inner  divisions  are  continuous  with  each  other  at  many  points, 
as  stated  just  now,  but  only  where  the  larger  spicules  project 
There  the  envelope  (d)  runs  along  the  spicules,  completelv  em- 
bracing them,  as  if  in  a  sheath,  from  their  tips  to  their  bases, 
where  they  rest  on  the  brown  mass  of  monads.  In  brief,  we 
might  say  that  the  sponge  is  covered  with  a  miniature  colon- 
nade, whose  ceiling  is  the  outer  division  of  the  envelope,  the 
pillars  are  the  bundles  of  spicules,  and  the  floor  is  tapestried  by 
the  inner  division,  which  about  the  pillars  hangs  from  the  ceil- 
ing in  lofty  folds.  The  continuity  of  the  outer  division  of  the 
envelope  is  broken  by  numerous,  round  or  oval  openings,  of 
various  and  frequently  changing  sizes,  sometimes  very  large, 
which  allow  a  free  ingress  of  the  water  to  the  space  just  be- 
neath. These  are  the  afferent  ostioles  (a?),  through  and  into 
which  a  constant  current  of  floating  particles  may  be  seen  mov- 
ing with  considerable  vivacity.  Here  and  there,  scattered  at 
wide  distances,  finger-like,  hollow  processes  from  the  outer  di- 
vision arise  singly,  and  at  various  angles.  Each  is  terminated 
by  a  large  aperture,  the  efferent  ostiole^  from  which  a  current 
of  water  and  floating  matter  emerges  with  more  or  less  spas- 
modic irregularity.  Tiie  smaller  individuals,  from  half  a  line 
to  half  an  inch  in  diameter,  possess  only  one  such  ostiole ;  and 
those  an  inch  in  diameter  seldom  have  more  than  two  or  three 
like  conduits ;  but  they  are  very  large,  sometimes  a  quarter  of 
an  inch  in  length  when  fully  extended,  and  of  the  proportions 
and  taper  of  the  human  forefinger. 

Plunging  the  focus  of  the  objective  to  the  floor  of  the  colon- 
nade, the  inner  division  (c)  there  is  found  to  be  pierced  by 
much  more  numerous  openings  (i),  but  far  smaller  in  diameter, 
and  quite  methodically  arranged,  each  one  corresponding  to 
and  overlying  a  hollow  group  of  monads  (A).  The  outer  divis- 
ion is  further  embellished   with   irregularly  scattered  minute 
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spicules  (c^),  which  lie  imbedded  in  the  cytoblastema,  parallel 
with  the  surface  of  the  envelope,  and  occasionally  crossing 
each  other  at  various  anglea  To  complete  this  general  sketch, 
we  will  state  more  definitely  the  relation  of  the  constituents  of 
the  monadigerous  mass.  There  are  essentially  but  two  ele- 
ments here ;  namely,  the  inner  division  (c)  oi  the  investing 
membrane,  and  the  groups  of  monads  (A)  which  are  imbedded 
in  it,  below  its  surface.  In  a  fully  expanded  individual  these 
groups  seldom  lie  so  closely  as  to  touch  each  other.  They 
vary  considerably  in  size  and  are  usually  globular  or  spheroidal, 
and  form  a  single  stratum.^  with  rather  narrow  interspaces  (c^) 
between  them. 

It  seems  proper  here,  at  least  for  the  sake  of  precision,  that 
the  cytoblastematcms  bastSj  in  which  the  monad  groups  are  im- 
bedded, should  be  considered  apart  from  the  epithelium-like, 
inner  (c)  investing  membrane  wnich  overlies  it,  although  the 
two  are  essentially  one  ;  the  epithelioid  membrane,  by  prolong- 
ing itself  between  (at  c^)  and  beneath  the  groups,  forming  for 
them  a  continuous  foundation.  In  this  light,  then,  we  shall 
speak  of  the  monadigerous  mass  as  consisting  of  three  elements, 
namely,  the  inner  investing  membrane  proper,  the  group  of 
monads,  and  the  cytoblastemaious  basts.  This  basis  seems  to 
constitute  a  large  part  of  the  bulk  of  the  body,  since  it  occupies 
all  of  the  interior  space  beneath  the  monad  groups.  In  speci- 
mens which  grow  over  flat  surfaces  in  depressed  patches,  or 
around  stems  of  plants,  it  forms  a  relatively  thin  layer ;  but 
where  the  body  stands  out  an  irregularly  rounded  mass,  some- 
times an  inch  m  diameter,  the  cytoblastematous  basis  fills  up 
the  interior,  in  enormous  proportion  to  the  bulk  of  the  monaa 
layer. 

ORGAlJOGRAPHr. 

77i£  Investing  Membrane, — The  investing  membrane  (fig.  1,  a> 
a}y  c,  dj)  consists  essentially  of  two  histological  elements,  namely, 
a  very  diflFuse  cytoblastema  (a^)  and  irregularly  disposed  cells 
(ft,  ft\  ^  scattered  through  it  The  intercellular  cytoblastema 
forms  a  very  thin  layer  (a^)  between  the  cells  (ft) ;  but  where 
the  latter  are  imbedded  in  it,  its  outer  and  inner  faces  are  as  wide 
apart  as  the  considerable  depth  of  the  cells  demand ;  and  thus 
it  happens  that  the  membrane  (both  the  outer  and  the  inner 
divisions)  presents  in  profile  (a\  o,  d)  such  an  irregular  thickness. 
The  cytoblastema  (a^)  is  colorless,  hyaline,  and  apparently  homo- 

feneous  under  a  low  power ;  but,  when  magnified  to  about  four 
undred  diameters,  it  displays  a  very  finely  granular  aspect. 
It  occupies  wide  intervals  between  the  cells,  certainly  more  than 
one-half,  and  fullv  three-fifths  of  the  whole  area  of  the  mem- 
brane.     Its  apparent  extent,  in  a  general  view,  is  even  more 
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than  that,  owing  to  the  extreme  transparency  of  the  cells,  and 
their  consequent  inconspicuousnesa  That  the  cjtoblastema, 
notwithstanding  its  low  undeveloped  state,  is  the  true  contractile 
element  in  this  membrane,  there  can  scarcely  be  a  doubt,  when 
we  consider  both  its  wide  spread  preponderance,  and  its  rela- 
tive continuity,  as  contrasted  with  the  scattered,  disconnected 
condition  of  the  cells  (J^)  which  are  imbedded  in  it  Sometimes 
it  is  barely  possible  to  discover  even  the  trace  of  a  cell  on  the 
border  of  an  afferent  ostiole  (os\  and  in  that  case  we  miist  infer, 
inevitably,  that  it  is  cytoblastema  which  opens  and  closes  the 
aperture.  We  find  it,  too,  embracing  the  extreme  tips  of  the 
larger  spiculas,  where  the  cells  utterly  fail  to  appear. 

The  cell-element  {b)  of  this  membrane  is  also  in  a  lowly  con- 
dition ;  only  partijdly  developed.  There  is  no  cell-walL  What 
may  appear  to  be  a  wall  is  really  the  thin  stratum  of  cytoblas- 
tema (a})  overlying  the  distal  and  proximal  faces  of  the  celL 
This  is  our  conclusion  after  the  most  critical  scrutiny,  with  a 
carefully-corrected  objective.  Were  it  not,  indeed,  for  the 
usually  constant  presence  of  a  distinct  nucleus  (n)  in  each  cell, 
we  would  be  strongly  inclined  to  look  upon  it  as  merely  a  dense 
collection  of  coarser  granules  than  are  generally  diffused  through 
the  cytoblastemic  layer.  The  irregular  and  jagged  outline,  and 
the  caudate  projections  of  the  cells  (i*)  also  tend  to  tempt  one 
to  the  latter  view.  The  cell  element  in  this  case,  then,  corres- 
ponds only  to  what  is  usually  considered  the  cell  contents,  and 
a  nucleus.  The  contents  are  composed  of  coarse  and  fine  grey 
granules,  which  at  times  are  quite  conspicuous,  but  most  fre- 
quently are  so  transparent  and  slightly  refractive  as  to  appear, 
collectively,  unless  specially  focussed  upon,  as  a  faint  blotch  in 
the  investing  membrane.  This  renders  it  all  the  more  difficult 
to  trace  the  outline  of  the  cell,  and  particularly  where  it  throws 
out  irregular,  caudate  prolongations,  to  blend  with  those  of 
other  cells.  We  have  been  able  to  detect  but  one  laver  of  cells 
in  this  membrane*  when  it  is  well  stretched  out  The  depth 
of  the  cells,  as  may  be  seen  in  a  sectional  profile  view  {b\  is 
about  equal  to  their  breadth,  and  their  length  is  from  one-oalf 
more  than  to  twice  their  breadth ;  but  frequently  they  are  as 
broad  as  long.  They  stand  in  no  particular  relation  to  the 
ostioles ;  and,  as  stated  above,  sometimes  scarcely  touch  their 
border.  The  nucleus  (n)  may  be  readily  detected  by  its  peculiar, 
strong  refraction,  and  its  considerable  superiority  in  size  over 
the  granules.  Its  bright  refractiveness  in  this  connection  re- 
minded us  of  a  contractile  vesicle,  but,  although  suspecting  it  of 
such  a  function,  we  could  detect  no  change  other  than  might  be 
produced  by  the  varying  length  and  breadth  of  the  cell,  and  the 

♦  Carter  flfjures  two  or  throe  cells  overlying  each  other  in  SpongiUa  alba.     Ann. 
Mag.  Nat.  Hist,  Julr,  1857,  PI.  1,  fig.  7. 
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shifting  of  the  relative  position  of  the  coarse  granules.  In  the 
inner  division  (c)  of  the  investing  membrane  the  cells  are  usually 
smaller  than  those  in  the  outer  division,  but  differ  in  no  respect, 
otherwise,  neither  in  form  nor  arrangement  They  lie  flat  on 
their  sides  in  the  cytoblastemous  layer ;  but,  except  in  profile, 
they  are  most  difficult  to  discover  on  account  of  the  underlving 
brown  mass  of  monad-groups  and  granular  interstitial  subst^ce. 

Although  we  have  been  unable  to  discover  any  distinct  cell 
elements  in  the  cytoblastematous  mass  immediately  around  and 
beneath  the  monad  groups,  neither  have  we  found  it  possible  to 
distinguish  it  fi*om  the  cytoblastema  lying  on  the  surface ;  and 
siqce  the  continuity  between  the  two  is  unbroken,  we  must,  per- 
force, consider  them  as  ona  The  underlying  portion  of  the 
cytoblastematous  mass,  however,  is  chanu^terized  by  irregularly 
scattered,  moderately  coarse,  brown  granules  (c*).  These  serve 
verv  well  as  a  dark  frame  or  setting  to  the  monad-chambers  (A), 
ana  by  contrast  brings  th^m  out  more  strongly. 

The  ifonad'Cephalvds, — ^We  now  proceed  to  describe  the  most 
essential  feature  of  this  animal,  the  monads.  They  are  the 
characterizing,  the  dominating  element,  in  reference  to  which 
the  whole  organism  is  contnved  and  constructed.  They  are 
not  cells ;  they  are  the  heads  of  a  polycephalic  individual,  and 
conseauently  correspond  frinctionally  to  the  tentaculated  heads 
of  Polypi,  and  not  to  their  interior  epithelial  cells.  We  must 
first  describe  what  we  call  the  monad-chamber. 

The  monad-chambers  (fig.  1,  A;  fig.  2;  fig.  4)  are  deep,  spher- 
ical hollows  which  form  the  receptacles  of  tne  groups  of  monads 
(J).  They  are  mere  cavities,  and  have  no  limng  walL*  They 
may  be  easily  recognized,  in  young  specimens,  as  clear,  more  or 
less  circular,  areas  scattered  in  pretty  close  proximity  to  each 
other  over  the  "  cytoblastemic  mass."  Each  chamber  has  a 
single,  small,  circular  aperture  (i)  which  perforates  the  inner  (c) 
investing  membrane,  and  allows  egress  into  the  circulatory 
apartment  (/).  The  aperture  (i)  varies  in  size  at  times,  and 
may,  even,  be  completely  closed.  We  have  never  seen  it  open 
wider  than  one-third  the  diameter  of  the  chamber,  and  very 
rarely  more  than  one  fifth  as  wide.  That  it  is  a  true  perfora- 
tion, and  not  a  clear  spot,  may  be  demonstrated  by  bringing  a 
chamber  into  profile,  so  that  its  aperture  (fig.  4,  i)  lies  on  the 
extreme  border,  and  then  an  actual  break  in  the  continuity 
of  the  investing  membrane  becomes  evident 

*The  hoUow  groups  of  moDads  were  originally  deso'ibed  by  Carter  (Ann.  Mag. 
Nat  Hist,  Jiilj,  1867)  as  lining  an  hypothecated  vesicle,  which  he  named  the 
"ampullaceous  sac"  He  has  since  (Ann.  Mag.,  Jao.,  1869)  revoked  that  view  and 
adopted  another.  We  believe  him  to  be,  excepting  the  inferred  "  ampullaceous 
sac,"  in  the  main,  right  in  his  first  interpretation ;  but  as  our  species  are  different 
we  cannot  speak  definitely. 
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Entering  this  aperture  we  do  not  meet  with  any  obstacle 
for  a  little  distance  around  it;  there  is  a  clear  open  space 
(fig.  4) ;  but  pressing  onward  beyond  that,  either  to  the  nght 
or  the  left  or  directly  forward,  the  cavity  appears  filled  by  a 
collection  of  vibrating  bodiea  They  seem  to  oe  arranged  radi- 
atingly  from  and  about  the  center.  Close  inspection,  however, 
modifies  this  view,  and  it  turns  out  that  they  are  based  upon 
the  periphery  of  the  chamber,  and  converge  toward  its  center, 
where  is  a  small  unoccupied  space.  We  presently  recognize 
these  converging  bodies  to  be  craspedoie,  JkigeUate  monads  (j),  so 
closely  packed  together,  side  by  side,  as  to  form  a  continuous 
stratum  (figs.  2  and  4)  over  the  whole  concave  face  of  the  cham- 
ber, excepting  immediately  about  the  aperture.  Every  feature 
of  the  monad  is  strongly  marked  ;  even  the  cylindrical  collar  is 
so  heavy  and  conspicuous  that  its  outlines  may  be  seen  with  as 
low  a  power  as  two  hundred  diameters.  We  have  studied 
these  bodies  with  an  |^th-inch  objective,  and  found  it  not  at  all 
difficult  to  focus  down  upon  the  details  of  their  organization, 
without  pressing  upon  or  even  touching  the  specimen. 

These  monads  are  in  every  general  essential  identical  with 
those  which  we  originally  found  in  Leucoselenta^  and  like  those, 
also,  recently  described  by  Carter  (Ann.  Mag.  Nat  Hist,  July, 
1871),  in  Orantia  compressa.  They  are  attached  to  the  concave 
face  of  the  chamber  by  their  posterior  end  (fig.  4,  /) ;  and  the 
anterior  extremity,  with  its  flagellum  (fig.  8,  I)  and  collar  (i), 
projects  freely  into  the  open  space,  and  toward  the  center  of 
the  apartment  When  fully  expanded,  the  length  of  the  body 
and  collar  together  is  about  one-third,  or  a  little  more,  of  the 
diameter  of  the  chamber ;  so  that  nearly  one- third  of  the  latter 
is  unoccupied  at  the  center,  except  by  the  tips  of  the  flagella 
converging  from  every  direction.  As  the  monads  lie  touching 
each  other  on  every  side  (fig.  2),  they  mutually  flatten  their 
bodies,  sometimes  so  much  as  to  give  them  a  strong  polygonal 
outline ;  or,  when  the  whole  mass  is  expanded,  they  scarcely 
impress  each  other,  and  therefore  retain  a  rounded  contour. 
By  plunging  the  focus  so  as  to  look  into  the  aperture  of  a  cham- 
ber, down  upon  the  monads  at  the  bottom  (fig.  2)  of  it,  an  end 
view  of  eacn  cephalid  is  obtained.  From  this  point  the  fore- 
shortened cylindrical  collar  looks  like  a  strong,  dark  circle  (fig. 
8*,  k)j  which  retains  its  conspicuousncvss  as  we  plunge  down  fur- 
ther, even  to  the  base,  where  it  is  attached  to  the  body  (j). 
The  outline  of  the  latter  is  considerably  without  the  "  dark 
circle,"  the  two  being  concentric  to  each  other.  At  the  same 
time  we  see  in  the  center  of  the  dark  circle  a  black  spot  {Pj 
which  may,  also,  be  focussed  up  and  down  upon,  and  nence 
it  is  inferred  to  be  a  continuous  line  foreshortened.  Other  views 
(fig.  3,  l)  confirm  this,  and  show  that  it  is  a  single  Jlagellum, 
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The  monads  are  so  transparent,  and  the  organization  so  distinct, 
that  the  collar  and  flagelmm  may  be  seen  clearly  fix)m  an  oppo- 
site point  of  view,  looking  directly  through  the  body  of  the 
cephalid.  This,  too,  is  the  best  position  from  which  to  study 
the  contractile  vesicles. 

A  sectional,  profile  view  of  a  group  (fig.  4),  to  be  obtained 
by  plunging  the  focus  half  way  through  a  chamber,  serves  best 
to  oisclose  the  manner  in  which  the  posterior  ends  {j)  of  the 
monads  are  affixed  to  the  concave  face  of  their  receptacle ;  and 
we,  also,  here  obtain  a  strictly  profile  aspect  of  a  monad.  Figure 
8  is  such  a  view,  representing  a  single  cephalid,  under  a  much 
higher  power  than  m  figures  2  or  i  An  excellent  and  least 
olStructed  side-view,  but  not  strictly  a  profile,  is  to  be  had  by 
focussing  upon  the  monads  immediately  about  the  aperture  of 
the  chamber.  Bere  we  look  directly  into  the  door-way,  or 
through  the  bordering,  transparent  epithelioid  membrane  which 
it  penetrates. 

The  body,  proper  (fig.  8,  /),  of  a  cephalid  is  a  little  shorter 
than  it  is  broad ;  on  the  whole  spheroidal  in  shape.  Its  pos- 
terior end  is  broadly  rounded,  ana  so  is  its  anterior  extremity, 
In  front  arises  a  cylindrical,  membranous  "  collar  "  (A),  which 
tapers  slightly  and  projects  forward  to  a  distance  equal  to  con- 
siaerable  more  than  twice  the  length  of  the  body.  Its  diameter 
is  not  more  than  two-thirds,  or  even  less  than  that  of  the  body. 
Although  colorless,  and  homogeneous,  it  is  remarkably  con- 
spicuous on  account  of  the  thickness  of  the  membrane  of  which 
it  is  composed.  Near  its  open  extremity  it  is  more  transparent 
and  less  obvious  than  toward  its  basal  attachment 

Thefla^ellum  (I)  arises  from  the  center  of  the  anterior  end  of 
the  body,  in  the  midst  of  the  area  which  is  surrounded  by  the 
membranous  cylinder  (A),  and  without  tapering  extends  a  little 
farther  than  tfce  open  end  of  the  latter.  It  vibrates  usually 
throughout  its  length,  but  is  most  active  near  its  tip.  We 
have  never  seen  it  assume  a  rigid,  arcuate  position,  as  in  some 
other  species  of  monads.  It  is  particularly  remarkable  for  its 
want  of  transparency,  and  looks  like  a  black  thread  more  than 
any  vibrating  cilium  that  we  have  ever  met  with.  Its  action, 
at  times,  is  rather  that  of  a  strong  wriggle  than  a  vibration. 

The  contractile  vesicles  (v), — The  body  of  the  monad  is  dis- 
tinctly marked  by  a  coarse,  scattered,  brown  granulation,  with 
two  or  three  rather  large,  clear  spots,  at  a  considerable  distance 
fix)ra  each  other,  but  always  close  to  the  periphery.  These  clear 
areas  are  the  contractile  vesicles  (v).  They  do  not  occupy  any 
particular  place  in  the  body,  although  they,  usually,  are  not  in 
fcont  The  systole  and  diastole  are  extremely  slow,  but  very 
distinct,  if  sufficient  patience  is  summoned  to  watch  them  fixedly, 
and  without  interruption.      The  last  third  of  the  systole  is 
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abrupt,  and  then  only  does  the  vesicle  appear  to  contract  sud- 
denly; -vvhereas  by  watching  it  through  a  complete  circuit  of 
diastole  and  systole,  one  learns  that  its  function  is,  on  the  wbde, 
performed  very  slowly.  This  very  abrupt  movement,  ([lUte 
nappil^,  may  serve  to  rebut  anv  such  oojection  as  that  the 
otherwise  tardy  action  is  merely  the  result  of  protoplasmic  con- 
traction of  the  body,  as  in  certain  Palmellate  Zo5spore&  Their 
immovable  position,  as  regards  the  body  contents,  is  anothff 
item  of  rebutting  evidence. 

The  l^ievim  (fig.  1,  e,  e*)  are  very  slender,  slightly  car?ed, 
needle-shaped  bomes,  gradually  tapering  to  a  sharp  point  it 
each  end.  Thej  have  a  bright  amber  color,  and  a  rather  dtik, 
strongly  refractive  outlina  From  tip  to  tip  they  are  sli^tly 
roughened  by  irregularly  scattered,  low,  but  acute  prominenoei 
or  knobs.  There  are  two  kinds  of  spicules,  large  and  snuill, 
but  they  differ  in  no  other  respect  The  larger  {e)  are  from 
four  to  six  times  longer  and  thicker  than  the  smaUer  OMa 
They  occur  in  bundles  of  two,  three  or  four ;  and  act  as  props 
to  hold  up  the  outer  investing  membrane,  as  described  in  w 
early  part  of  this  articla  They  seldom  arise  perpendicolai^ 
from  tne  monadigerous  mass,  but  more  or  less  obliquely ;  an4 
in  forming  bundles,  stand  across  each  other  like  stacked  anna 
We  seldom  found  spicules  penetrating  the  monadigerous  mifli 
fiir  beyond  the  epithelioid,  inner  investing  membrane.  They 
evidently  belong,  universally^  to  the  investing  membrane,  ana 
assist  it  m  forming  a  framework  in  which  the  inner  mass  is 
suspended.  The  smaller  spicules  (e')  are  strictly  confined  to 
the  outer  division  (a)  of  the  investing  membrane,  and  lie  there 
on  their  sides,  completely  immersed  in  its  thickness.  They  are 
scattered  irregularly  andf  sparsely  about,  and  frequently  cross 
each  other  at  varying  angles.  We  observe  no  nearer  approach 
to  a  methodical  arrangement  among  either  the  large  or  the 
small  spicules ;  yet  their  very  irregularity,  being  afler  a  kind, 
and  constant  in  that  kind,  may  be  recognized  in  some  sense  as 
methodical. 

General  considerations. — Seeing  the  secluded  position  of  the 
monad-cephalids,  deeply  ensconced  in  little  chambers  below  the 
general  surface  of  the  circulatory  apartment,  it  is  not  directly 
evident  that  their  flagella  have  any  agency  in  keeping  up  the 
inflow  and  outflow  of  currents  through  the  afferent  and  efferent 
ostioles.  Nowhere  else  are  vibrating  or  non-vibrating  cilia  or 
cilia-like  bodies  to  be  met  with  than  in  the  monad  chambers. 
And  since  the  efferent  ostioles  are  irregularly  interspersed 
among  the  much  more  numerous  afferent  ostioles,  we  cannot 
conceive  how  the  flagella  in  any  way  could  influence  currents 
to  move  in  a  particular  direction,  from  the  smaller  apertures 
toward  the  larger  ones.     They  no  doubt  keep  up  a  direct  flow 
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of  matter  into  the  sunken  chambers,  but  the  current  comes 
from  the  inner  depths  of  the  circulatory  apartment,  and  far 
away  from  the  ostioles.  In  this  way  only  a  turbulence  of  float- 
ing matter  is  sustained,  but  the  general,  great  current  is  due  to 
a  mr  different  cause.  We  conceive  that  the  contraction  and 
expansion  of  the  body-mass  in  general,  modified  by  the  alternate 
opening  and  closing  of  the  afferent  and  efferent  ostioles,  is  the 
true  motive  power  in  this  phenomenon.  We  have  observed, 
often,  that  the  outer  division  of  the  investing  membrane  is  not 
kept  at  a  uniform  distance  from  the  central,  monadigerous  mass ; 
at  one  place  it  will  be  found  to  be  close  to  its  inner  division,  so 
that  the  circulatory  apartment  is  very  shallow  there,  while  at 
another  point  the  two  divisions  of  the  membrane  are  widely 
separatea,  and  the  circulatory  apartment  is  very  deep ;  and 
between  the  shallow  and  the  deep  apartments  a  curtain  is 
drawn,  more  or  less  completely,  extending  from  one  pillar-like 
bundle  of  spicules  to  another.  Each  of  these  temporarily  en- 
closed portions  of  the  general  apartment,  it  is  plain  now  (al- 
though our  actual  observation  on  this  point  is  very  defective), 
may  contract  or  expand  without  disturbing  the  contents  of  any 
other.  Such  an  apartment  with  its  afferent  ostioles  closed,  may 
be  contracting  and  forcing  a  current  out  at  its  efferent  ostiole, 
while  a  neignboring  apartment  may  have  its  efferent  ostoile 
closed,  and  expanding,  draw  in  current  through  its  open  afferent 
ostioles. 

We  regret  that  we  have  not  the  means,  in  this  locality,  for 
completing  these  researchea  Our  specimens  were  gathered,  and 
studied  on  the  spot  where  they  lived,  in  the  western  part  of 
Massachusetts,  several  hundrea  miles  away  from  our  present 
residence.  Unfortunately  we  put  off  the  attempt  to  feed  the 
sponge  with  colored  matter  until  we  had  completed  other  me- 
thods of  investigation,  and  then  we  were  prevented,  by  circum- 
stances, from  carrying  out  our  designs. 

In  regard  to  the  aferent  and  efferent  canals,  seen  by  Carter 
(Ann.  Mag.  Nat  Hist,  1867,  ut  sup.)  in  the  monadigerous  mass 
(^^ parenchyma^'  Carter),  we  have  not  met  with  any  trace  of  them 
in  the  species  described  in  this  article.  It  is  possible  that  they 
may  exist  in  the  oldest  and  largest  indiviauals,  but  as  we 
worked,  only,  on  very  small  ana  transparent  specimens,  our 
direct  observations,  in  this  respect,  strictly  apply  to  the  latter. 
It  is  more  likely  that  ours  is  a  different  genus  from  the  ISpongiVa 
of  Carter,  in  fitvor  of  which  we  cite  the  curious  fact  that  each 
aperture,  in  the  inner  division  (not  mentioned  by  Carter)  of  the 
investing  membrane,  exactly  overlies  and  is  inseparable  from 
the  entrance  to  a  monad-chamber  ("  ampuUaceous  sac ;"  partim. 
Carter) ;  so  that  whatever  enters  these  chambers  must  go  out 
by  the  same  way  that  it  came  in ;  not  out  into  a  system  of 
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brancbing  canals,  burrowed  in  the  monadigerous  mass,  but  into 
the  great  circulatory  apartment 

Spongilla  arachnoidea  Jas-CL 

DESCRIPTION   OF  FIOURBS  OF  PLATE  XL 

The  following  letters  apply  to  identical  part'^  in  all  of  the  figures,  a,  Investing 
membrane;  outer  divisioo. — a\  Sectional  profile  of  the  cjtoblastema  of  a. — 6, 
Cells  iu  the  thickness  of  a. — h\  Cells  (like  those  at  b)  about  the  spicules  (e).^^, 
Cells  of  the  investing  membrane,  with  their  nucleus ;  a  surface  view. — &^,  Tern- 
porarj  junction  (by  contact  only)  of  the  outer  (a)  and  inner  (c)  divisions  of  the 
investing  membrane. — c  Investing  membrane ;  epithelioid  inner  division,  in  sec- 
tional profile. — c\  Interspaces  between  monad-chambers. — d,  Junction  of  the  divi- 
sions of  the  investing  membrane  along  the  spicules. — e,  Larger  spicules. — e\ 
Smaller  spicules.—/,  Circulatory  apartment — ^,  Monadigerous  mass. — h,  Monad- 
chambers  and  monad  groups. — i,  Aperture  of  ?i.—j,  MoumIs,  or  the  body  proper 
in  figs.  3  and  3a. — k,  Cylindrical  collar  of  /. — i,  FiageUum. — n,  Nucleus.— <m,  Minor 
ostioles. — V.  Contractile  vesides. — 

Fig.  1.  Magnified  320  diameters.  Part  of  a  very  young  SpongiUa,  of  an  oblate 
spheroidal  form,  and  about  -L.  of  an  inch  in  diameter.    On  ^e  right  is  presented 

a  face  view  of  the  investing  membrane  and  the  underlying  monadigerous  mass, 
On  the  left  the  focus  is  so  Mlapted  as  to  be  fixed  on  a  face-view  of  the  monad-mass, 
«nd  at  the  same  time  on  a  sectional  profile  of  the  investing  membrane  at  a\  &*,  e, 
and  d. 

Fig.  2.  Magnified  780  diameters.  Interior  of  a  monad-chamber,  Heen  through 
the  aperture;  the  monads  appear  in  end  view,  and  crowded  together  side  by  side 
like  a  pavement  work. 

Fig.  3.  Magnified  1,600  diameters.  A  single  monad,  as  seen  in  profile  in  the 
mon^-chamber.  Onlv  two  contractOe  vesicles  were  present  in  tiiis  specimen. 
The  cylindrical  collar  [k)  is  extended  to  its  utmost 

Fig.  3a.  Magpufled  1,600  diameters.  Foreshortened,  front  view  of  a  monad; 
the  body  (j)  in  the  distance;  the  hollow  cylinder  (k)  projecting  toward  the  ob- 
server like  a  dark  hoop,  and  the  fiageUum  {I)  in  the  center  appearing  as  a  black 
spot 

Fig.  4.  Magnified  780  diameters.  Sectional  view  of  a  monad-chamber,  brin|?ing 
the  aperture  (i)  into  profile,  as  well  as  the  monads  which  lie  at  the  same  level ; 
thus  showing  their  convergence  about  the  central  open  space. 


Art.  LV. — Description  of  a  Printing  Chronograph ;    by  G.  W. 
Hough,  Director  of  the  Dudley  Observatory. 

About  the  year  1848,  the  idea  of  recording  astronomical 
observations,  by  the  use  of  galvanic  electricity,  was  put  in  suc- 
cessful operation  by  different  individuals.  Since  that  time 
chronographs  of  various  forms  have  been  constructed  for  re- 
cording in  a  legible  manner,  on  a  moving  sheet  of  paper,  the 
time  of  any  phenomenon  observed.  The  great  superiority,  in 
point  of  accuracy  and  saving  of  labor,  over  the  old  eye  and  ear 
method,  formerly  used,  led  to  the  almost  general  adoption  of 
the  new  plan. 

During  the  past  ten  years  the  idea  of  constructing  a  chrono- 
graph, wnich  should  print  with  type  the  time  of  the  observa- 
tion, has  been  entertained  by  a  number  of  persons.  About  five 
years  smce  Prof.  Hilgard  of  the  Coast  Survey,  read  a  description 
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of  an  apparatus  designed  for  this  purpose,  and  about  the  same 
time  Prof.  C.  A.  Young,  of  Dartmouth  College,  published  a 
proposed  plan  for  one,*  But,  so  far  as  we  are  iniormed,  the 
mechanical  construction  of  such  an  apparatus  has  not  hereto- 
fore been  attempted  by  any  oua 

The  construction  of  a  machine  which  shall  carry  a  type 
wheel,  capable  of  giving  impressions,  with  uniform  velocity  lor 
a  number  of  hours  together,  without  sensible  variation  in  its 
motion,  is  a  problem  which  is  not  easy  of  solution. 

Some  five  or  six  years  ago,  in  a  paper  read  before  the  Albany 
Institute,  I  gave  an  account  of  the  method  I  proposed  to  adopt, 
and  in  the  construction  of  the  machine,  now  to  be  described, 
the  plan  then  proposed  has  been  generally  followed.  My  plan, 
which  is  radically  diflPerent  from  any  other  proposed,  is  based 
on  the  principle  of  using  s»^parate  systems  of  mechanism  for 
the  fast-moving  type  wheel,  and  those  recording  the  integer 
minutes  and  seconds,  regulating  each  with  electro-magnets 
controlled  b}*-  the  standard  clock. 

For  a  clear  understanding  of  the  mechanism,  elaborate  draw- 
ings would  be  necessary.  We  shall,  therefore,  merely  give  a 
general  account  of  its  construction  and  peculiarities  : 

1st  A  system  of  clock-work  carrying  a  type  wheel,  with 
fifty  numbers  on  its  rim,  revolving  once  every  second ;  one, 
two,  or  parts  of  two  numbers  being  always  printed,  so  that 
hundreaths  of  seconds  may  be  indicated.  This  train  is  pri- 
marily regulated  to  move  uniformly  by  the  Frauenhofer  fric- 
tion balls,  and  secondarily  by  an  electro-magnet  acting  on  the 
fiast-moving  type  wheel,  and  controlled  by  the  standard  clock. 
This  train  is  entirely  independent,  and  can  be  stopped  at  pleas- 
ure, without  intefenng  with  the  other  type  wheels. 

2nd.  A  system  of  clock-work,  consisting  of  two  or  more 
shafts,  carrying  the  type  wheels  indicating  the  minutes  and 
seconds.  The  motion  of  this  train  is  also  governed  by  an  elec- 
tro-magnet, controlled  by  the  standard  clock,  operating  an  es- 
capement, in  a  manner  analogous  to  the  action  of  an  ordinary 
clock  ;  every  motion  of  the  escapement  advancing  the  type  one 
number. 

There  are  three  type  wheels,  indicating  minutes,  seconds  and 
hundredths  of  seconos.  The  integer  seconds  are  advanced  at 
every  oscillation  of  the  standard  pendulum ;  and  the  minute,  at 
the  end  of  each  complete  revolution  of  the  seconds  wheel 

The  type  wheels  are  constructed  of  brass  disks,  around  the 
circumference  of  which  is  soldered  a  strip  of  electrotype  copper, 
holding  sixty  numbers. 

Presuming  now  we  have  this  system  of  type  wheels  in  opera- 
tioa,  it  is  necessary  to  print  without  disturbing  their  motion ; 

*  See  this  Journal,  No.  12-1,  July,  1866. 
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especially  is  this  true  for  the  fast-moving  type  wheel.  After  & 
I(»ng  series  of  experiments,  during  which  the  &st  moving 
wheel  was  detached  and  stopped  in  various  ways,  we  finally 
made  the  impression  from  the  spring  of  the  hammer  only,  not 
allowing  the  blow  to  fall  directly  on  the  type,  but  arresting  it 
about  half  an  inch  before  it  reached  the  top  of  the  type.  By 
this  device,  which  is  regarded  of  the  greatest  importance,  the 
motion  of  the  tvpe  is  not  disturbed  an  appreciable  amount 
Any  number  of  impressions  following  each  other  in  rapid  snc- 
cession,  does  not  disturb  the  &st-movin^  wheel  the  one  hun- 
dredth of  a  second.  By  this  plan,  none  of  the  type  wheels  are 
stopped  or  locked  in  the  act  of  printing,  and  records  of  obsenra- 
tions  may  follow  each  other  as  fast  as  the  hammer  can  be  made 
to  deliver  the  blow. 

If  the  record  is  made  while  the  type  wheel  indicating  int^er 
seconds  is  in  the  act  of  escaping,  two  numbers,  or  one  number 
and  part  of  another,  is  printed,  so  there  is  never  any  ambig- 
uity about  the  record  ;  this  condition,  of  course,  only  oocuis 
when  the  fast  moving  wheel  indicates  O'OS"  to  O^OO".  If  two 
numbers  are  printed  when,  for  example,  the  hundredths  read 
98,  the  smaller  of  the  int^er  seconds  is  the  correct  one.  The 
time  required  for  the  action  of  the  escapement  is  about  0*06  sec. 

The  blow  for  printing  may  be  struck  directly,  by  means  of  a 
strong  electro-magnet ;  but  the  cost  and  trouble  of  keeping 
up  a  large  battery  for  this  purpose  led  us  to  do  all  the  work 
mechanically,  only  using  electricity  as  the  governing  power. 
Accordingly,  a  heavy  running  gear  was  built  for  raising  the 
hammer,  capable  in  its  present  form  of  delivering  2000  blows 
without  rewinding  ;  ana  it  can  be  readily  modified  to  give  five 
times  that  number,  if  desirable.  This  gearing  is  entirely  de- 
tached from  the  hammer  when  elevated,  but  is  unlocked  just 
before  the  hammer  reaches  the  type,  immediately  raising  it 
again.  The  time  consumed  for  this  operation  is  about  three- 
tenths  of  a  second,  allowing,  therefore,  observations  to  follow 
each  other  at  a  minimum  interval  of  one  half  second.  When 
the  hammer  is  elevated  it  is  locked  by  an  electro-magnet,  the 
operation  of  this  magnet  allowing  it  to  fall  and  print  The 
armature  time  of  the  hammer  is  about  0*07  sec.,  being  but  ht- 
tle  in  excess  of  our  ordinary  chronographic  recording  pen;  and 
since  the  hammer  is  acted  on  by  gravity  alone,  the  annature 
time  will  be  sensibly  uniform. 

The  types  are  inked  by  means  of  small  rollers,  covered  with 
cloth,  resting  against  their  rim,  and  revolving  with  the  wheel 
by  friction.  These  rollers  require  inking  every  two  or  three 
days.  If  desirable,  the  inking  rollers  may  be  dispensed  with, 
and  impression  paper  used  instead.  After  numerous  experi- 
ments  made  with  both  methods,  we  have  preferred  the  ink 
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The  paper  fillet,  two  inches  in  width,  is  wound  on  a  small 
spool,  holding  about  60  feet,  and  drawn  between  two  rollers, 
the  same  as  a  Morse  Register.  Every  time  the  hammer  falls, 
the  fillet  is  advanced  about  one-quarter  of  an  inch,  by  the  ac- 
tion of  an  escapement  driven  by  a  weight  One  spool  of  paper 
will  hold  about  1200  observations,  including  the  spacing  for 
different  object&  This  same  escapement  is  also  operated  by  an 
electro-magnet,  under  the  control  of  the  observer,  who,  by 
pressing  a  Key,  is  able  to  make  spaces  of  any  width  between  the 
print& 

The  train  carrying  the  minutes  and  integer  seconds  will  run 
eight  hours;  the  gear  for  elevating  the  hammer  will  deliver 
2000  blows ;  and  the  train  for  moving  the  paper  fillet  will  go 
1200  times  without  winding.  The  &st  moving  train  runs  one 
hour  and  thirty-six  minutes ;  but  since  this  train  can  be  stopped 
at  pleasure,  without  changing  the  zero  of  the  type,  its  compara- 
tively brief  running  is  not  a  serious  inconvenience 

To  recapitulate,  we  claim  the  following : 

1st,  Separate  movements  for  the  int^er  seconds  and  the 
hundredths  of  seconds;  2nd,  The  meth^  of  regulating  the 
hundredths  of  seconds  wheel  by  an  electro-magnet  in  connec- 
tion with  the  standard  clock ;  Srd,  The  method  of  printing 
double  or  single  numbers  without  stopping  the  type  wheels; 
4th,  The  method  of  striking  the  blow  indirectly,  usins  the 
spring  of  the  hammer ;  5th,  The  method  of  elevating  and  lock- 
ing the  hammer.  The  minor  details  for  paying  on  the  paper 
fillet,  eta,  may  be  accomplished  in  various  ways. 

The  battery  power  required  is  about  the  same  as  for  an  ordi- 
nary chronograph.  Three  Grove  elements,  or  six  Hill's  ele- 
ments, work  the  two  electromagnets  welL  A  separate  bat- 
tery of  about  the  same  size  is  used  for  the  hammer  and  fillet 
magnets. 

In  point  of  accuracy,  this  machine  leaves  nothing  to  be  de- 
sired, and  is  much  beyond  what  we  thought  possible.  From  a 
vast  number  of  experiments,  made  by  recoraing  automatically 
the  beats  of  the  standard  clock,  both  at  the  middle  and  end  of 
the  oscillation,  the  mean  error  for  a  single  print  is  found  to  be 
about  0*018  sec.,  equal  in  this  respect  to  the  recording  chrono- 
grapL  The  maximum  difference  in  the  records  of  tae  beats 
selaom  exceeds  0*03  sec  ;  and  we  believe  this  is  as  much  due 
to  the  irregularity  in  the  clock  connection  as  in  the  running  of 
the  machine,  since  the  same  thing  is  found  in  ordinary  chrono- 
graph records,  where  the  measures  are  made  from  second  to 
second. 

During  the  building  of  the  machine,  which  was  accomplished 
by  my  assistant,  Mr.  Foreman,  and  myself,  the  past  winter,  as 
we  could  find  the  time,  a  great  many  experiments  were  tried 
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in  the  method  of  regalation,  printing,  etc  The  feet  moving 
train  was  used  to  propel  the  integer  seconds  and  minute  type 
wheels,  dispensing  with  the  auxiliary  movement ;  but  the  dis- 
turbance of  its  motion  was  considerable,  especiallj  at  the  end 
of  every  minute,  when  it  had  double  duty  to  perform. 

The  saving  of  time  and  labor  by  the  use  of  a  printing  chrono- 
graph is  very  considerabla  At  the  lowest  estimate,  it  does 
work  equivalent  to  the  labor  of  one  person  where  three  are  em- 
ployed at  the  same  time.  In  our  zone  work  in  former  years, 
when  the  zone  extended  two  hours  in  right  ascension,  it  usuaUy 
required  the  labor  of  two  persons  a  whole  day  to  convert  the 
chronographic  records  into  numbers  and  copy  them  on  tiie 
blank  forms.  With  the  observations  printed,  this  labor  is 
wholly  dispensed  with ;  since  the  "  mean"  is  at  once  deduced 
from  the  printed  recorda 

The  machine  is  readily  adjusted  to  indicate  the  same  nmn- 
bers  as  the  clock's  face,  the  type  being  so  set  as  to  print  zero- 
hundredths  when  the  pendulum  is  at  its  lowest  point,  where  the 
magnetic  circuit  is  completed.  In  the  construction  of  the  appa- 
ratus, provision  was  made  for  attaching  engraved  rings  to  the 
type  wheel  shaft,  showing  at  a  glance  the  time.  But  Siese  are 
not  found  essential,  as  tney  would  but  little  facilitate  the  set- 
ting of  the  type,  which  is  accomplished  as  follows :  The  min- 
ute type  wheel,  which  is  free  to  move  in  either  direction,  is 
revolved  to  correspond  to  the  correct  minute ;  an  impr^on 
may  then  be  taken,  and  the  machine  started,  when  the  clock 
indicates  the  same ;  the  seconds  being  readily  counted  from  the 
beats  of  the  magnet  regulating  the  fast  moving  train.  The 
whole  time  for  this  adjustment  need  never  exceed  two  minutea 

In  the  observation  of  zone  stars,  the  type  may  be  set  to  give 
the  integer-seconds  of  mean  right  ascension,  so  that  the  final 
reduction  will  always  be  a  small  quantity. 

The  constant  use  of  this  mechanism  on  every  day  and  obsen-- 
ing  night,  for  more  than  four  months,  during  which  time  more 
than  ten-thousand  records  have  been  made,  enables  us  to  speak 
with  confidence  of  its  success,  both  as  regards  correctness  in 
printing  and  in  saving  of  labor. 

Other  things  being  equal,  it  is  found,  that  for  three  observers 
twice  as  many  observations  can  be  reduced  in  the  same  time,  as 
when  a  recording  chronograph  is  employed. 
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-AlRT.  LVI. — Longitxvde  Determination  across  the  Continent;  by 
George  W.  Dean.  (Eead  before  the  American  Association 
at  Indianapolis.) 

With  the  permission  of  Professor  Peirce,  Superintendent  of 
the  United  States  Coast  Survey,  I  offer  to  the  Association  a 
brief  statement,  in  regard  to  the  method  used,  and  the  results 
obtained,  by  the  Coast  Survey,  in  determining  the  longitude  of 
San  Francisco  and  several  intermediate  points,  by  telegraphic 
exchange  of  clock  signals,  with  Harvard  College  Observ^atory, 
Cambridge,  Massachusetts. 

In  November,  1862,  I  was  requested  by  the  late  Prof.  Bache 
to  obtain  such  information  as  might  be  practicable  in  regard 
to  the  construction  of  the  telegraph  lines  across  the  Continent 
with  the  \new  of  determining,  by  the  telegraphic  method,  the 
difference  of  longitude  between  the  Atlantic  and  Pacific  coasta 
He  at  the  same  time  requested  me  to  make  a  series  of  experi- 
ments with  '*  relay  magnets/'  generally  known  as  "  telegraph  re- 
peaters^^  for  the  purpose  of  measuring  approximately  the  time 
required  for  transmitting  a  signal  through  one  or  more  of  those 
instruments.  The  results  of  those  preliminary  experiments  were 
inserted  by  the  Professor  in  the  Appendix  to  his  annual  report 
for  1863,  and  the  final  results  in  his  report  for  the  year  1864. 

I  was  greatly  indebted  to  the  present  distinguished  Secretary 
of  the  Smithsonian  Institution,  professor  Henry,  for  the  success 
attending  the  experiments  with  **  relay  magnets  "  in  1868-64  ; 
and  it  is  gratifying  that  the  results  then  obtained  have,  in  some 
degree,  aided  in  modifying  and  improving  the  construction  of 
the  telegraph  instruments  now  in  general  use  in  the  United 
States.  In  October,  1868, 1  was  directed  by  the  Superintendent, 
Professor  Peirce,  to  make  the  requisite  arrangements  for  de- 
termining, by  telegraphic  exchange  of  clock  signals,  the  differ- 
ence of  longitude  between  Harvard  College  Observatory  and 
one  of  the  Coast  Survey  stations  on  the  Pacific  coast,  and  to 
prepare  a  programme  for  conducting  the  operations. 

The  general  outline  of  the  plan  was  to  establish  an  astronom- 
ical station  at  Omaha,  Nebraska,  which  is,  by  the  telegraph  route, 
about  1550  miles  from  Cambridge.  Also  a  station  at  oalt  Lake 
City,  Utah,  which  is  located  about  1060  miles  west  of  Omaha, 
and  950  miles  east  of  San  Francisco.  Professor  Winlock, 
Director  of  Harvard  College  Observatory,  cooperated  with  the 
Coast  Survev,  by  placing  his  astronomical  instruments  at  the 
service  of  tlie  Superintendent  and  directing  the  telegraphic 
longitude  operations  at  Cambridge. 

The  observations  for  determining  the  clock  and  instrumental 
corrections  at  Cambridge,  were  made  chiefly  by  Assistant  A. 
T.  Mosman  and  Sub- Assistant  F.  Blake,  Jr. 
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At  Omaha,  the  clock  and  instrumental  corrections  were 
determined  by  Assistant  Edward  Goodfellow  and  Mr.  R  P. 
Austin,  who  used  a  forty -six-inch  transit  with  an  aperture  of 
two  and  three-fourths  inches.  All  the  observations  were  re- 
corded by  an  astronomical  clock  in  connection  with  a  chrono- 
graph register.  At  Salt  Lake  City,  the  clock  and  instrumental 
corrections  were  determined  by  myseli^  assisted  by  Mr.  F.  E 
Agnew,  Sub- Assistant  in  the  Coast  Survey. 

The  instruments  used  were  similar  to  those  provided  for  the 
stations  at  Omaha  and  San  Francisco. 

Assistant  George  Davidson  had  charge  of  the  longitude  opera- 
tions at  San  Francisco,  and  cooperated  with  Professor  Winloek 
and  myself  in  making  the  telegraphic  longitude  determinations 
across  the  Continent 

Cold  dry  weather  being  most  favorable  for  exchanging  tele- 
ffraph  signals  between  distant  stations,  arrangements  were  made 
for  these  experiments  during  the  winter  of  1868-69. 

Whenever  the  weather  permitted,  the  clock  and  instrumental 
corrections  at  each  station  were  carefiilly  determined,  imme- 
diately before  and  after  the  exchange  of  clock  signals  between 
the  several  stations. 

For  this  purpose  a  series  of  eight  or  ten  standard  zenith  and 
two  or  three  circumpolar  stars  were  observed,  one-half  with  the 
lamp-end  of  the  axis  easi^  and  an  equal  number  with  the  lamp 
west.  In  such  a  series,  the  probable  error  of  the  result  for  cIock 
correction  in  no  case  exceeaed  0*05  seconds.  Mayer's  formula, 
by  application  of  the  method  of  least  squares,  have  been  used 
in  these  reductions,  which  have  been  made  in  the  most  satis- 
factory manner  by  Captain  Isaac  Bradford  of  Cambridge 

The  formulae  and  a  single  example,  for  the  purpose  of  illus- 
trating the  general  arrangement  of  the  reductions,  are  given 
with  the  abstract  of  longitude  results. 

In  closing  this  paper,  I  will  state,  that  on  the  nights  of  Feb- 
ruary 28th  and  Marcii  7th,  1869,  the  Western  Union  Telegraph 
Company,  with  their  usual  liberality  for  the  advancement  of 
science,  placed  two  of  their  telegraph  lines,  between  Cambridge 
and  San  Francisco,  at  the  service  of  the  Coast  Survey,  for  the 

f)urpose  of  measuring  the  "  transmission  time  "  of  signals  sent 
rom  Cambridge  to  San  Francisco  and  returned,  and  "  vice  versa.'^ 
The  entire  length  of  the  several  circuits,  which  were  com- 
posed chiefly  of  No.  9  iron  wire,  was  about  7200  miles,  and  the 
number  of  **  telegraph  repeater? "  used  was  thirteen. 

The  results  were  very  satisfactory,  and  accorded  closely  with 
the  "  double  transmission  time  "  deduced  from  the  longitude 
determinations  between  Cambridge  and  San  Francisco,  and  also 
with  the  results  of  the  experiments  made  for  '*  transmission 
time  "  with  a  single  wire  between  those  points,  by  Professor 
Winloek  and  Assiatanl  D^Lvid^oxL 
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Formulm  used  in  the  JReductions, 


Stab. 
LampTalliM 


6. 


M. 
F. 

logF. 

log  sec  d. 

log  if. 

log<F. 


B. 

C. 

n. 

B6o. 

T. 

t 

«. 
Ce. 
tit. 


Mean  of  Tallies. 

Mean  of  Thread  Intervals. 


(f  is  the  correction  for  rate,  and  its  log.  is  0*000005  for  a 
gain  of  1  second  daily:  0*00119  for  a  mean  time  clock. 

<r  is  the  sine  correction :  log  a  being  additive  to  log  F ; 
when  F  sec  ^  is  less  than  2°^,  it  may  be  neglected. 

R  =:  F  sec  daff ;  and  is  to  be  added  to  M  to  obtain  the  Time 
of  Transit  over  the  mean  of  all  the  threads. 

bf^  =the  level  correction  in  time,  corrected  for  inequality 
of  pivots :  it  is  positive  for  west  end  higL 

^_sin(y-^)^ 

COB^ 
g_C08(jp-^) 
COS^ 

C=     sec^ 

X  =  the  diurnal  aberration  =  sec  0*02 1  cos  q>  sec  9,  It  is 
(•*)  in  upper  and  (+)  in  lower  culminations. 

T  =  M  +  R. 

^  =  T  +  Bfto+». 

w=o  —  tz=  M-\-  Aa±Cc. 


180°  -^  9  being  used  instead  of  9  when 
the  star  is  below  the  pola 


0' 


01. 


a»< 


Cc,  upper  sign  for  lamp  west 

The  coUimation  constant  (c)  is  determined  from  reversals  on 
circumpolar  stars,  and  is  to  be  obtained  from  the  equation 

^<  —  e,o  =  <»ii»  —  «^«  =  2Cc 
A  is  positive  except  for  stars  between  the  zenith  and  north  pole. 
B  "  **  **    at  lower  culmination. 

C 


IC 


(t 


cc 


IC 


The  local  time  and  azimuth  are  obtained  thus :  assume  an 
approximate  value  of  the  clock  correction  =(9  for  an  arbitrary 
time  T,,  and  call  w  —  ^  =  w']  if  the  coUimation  is  known  and 
the  corresponding  correction  applied,  we  have  only  to  reduce 
the  value  of  w^  for  the  several  stars  to  the  time  T,  by  applying 
the  correction  for  daily  rate.     Thus : — 

K)  =  «,  +  ?^^X  daily  rate, 

and  we  have,  putting  Ad  =  :^e  —  <9, 

1a6  +  lAa  =  la>\ 
2  A  Ad  -f-  2  A*  a  =  2  Aw'  ^, 

Whence  we  determine  a,  ^6,  and  thence  M  iot  \)Ci^  >Mcafc^  v 
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February  17,  1869. —  CoUimation. 


Star. 

Time. 

Ce. 

C. 

c. 

u  Draoonis  L.  C. 
if'  Draconis  L.  C. 

h.  m. 
6  37 
6  44 

+  001 
-0806 

-2-767 
-3-273 

-0004 
+  0246 

To  =  6^  46m.     ^ »  + 12660. 

Clock  and  Azimuth  Corrections. —  Observer  A.  T,  M. 


Star. 


tu  I>rMOo«ii8  L.  C. 

^  Dracobis  (pr)  L.  C. 

^  OrioDis, 

4^  Q«minor, 

«  Gan.  Maj. 

^  Chid,  If  ly. 

^  Geminor, 

«  Can.  Min. 

ft  Geminor, 

^  Geminor, 


Lamp. 

(«a) 

A 
+  2*680 

«'o 

A« 

A«'o 

Aa 

W.  E. 

+  12-246 

--304 

6-666 

-0-784 

-•312 

E.  W. 

+  12-139 

+  2-976 

-•411 

8-867 

-1-223 

-•360 

W. 

+  12-426 

+  0-678 

-124 

•335 

-0-072 

--070 

W. 

+  12-460 

+  0-466 

-100 

•207 

-0046 

-066 

W. 

+  12*462 

+  1-080 

-•098 

1167 

-0-106 

-131 

W. 

+  12*420 

+  1-037 

-130 

1-076 

-0-186 

-126 

W. 

+ 12-474 

+  0-372 

-076 

•139 

-0028 

-046 

£. 

+ 12-600 

+  0-602 

—•060 

•363 

—0030 

-073 

E. 

+ 12-606 

+  0-276 

—  046 

•076 

-0-012 

-033 

E. 

+ 12  497 

+  0-296 

-063 

•088 

-0016 

—  036 

+ 10-262 

-1-391 

18-964 

-2*462 

+ 

M 


12-668 
12*499 
12496 
12-606 
12  683 
12646 
12618 
12*673 
12-638 
12-633 

12-636 


10  A^  +  10*262    a  =  -1-391 
+  10-262  AS  +  18-964    a  =  -2462 


AS  + 
+  10*261  A^  + 

+ 


10262  a  = 

10-610    a  = 

8-464    a  = 

a  s= 


-01391 
-1-426 
-1-026 
-0121 


AS  —  -1240  =  -1391 
A^=--016 


A<  =  + 12-636  ±  -007 


Longitude  between  Cambridge  and  Omaha. 

[Not  corrected  for  personal  equation.] 


A  +  ;rt 

No.  of 

Series  of 

Signals. 

^-X^ 

Naof 

Date 
1869. 

Li.    I. 

Probable 
error. 

h.  ■.    1. 

Probable 
error. 

Series  of 
Signals. 

Feb.  17, 
"    18, 
'•    24, 
'*    26, 
'*    27, 
"    28, 

1  39  16-306 
16293 
16  278 
16-361 
16*361 
16*384 

±-018 
±033 
±028 
±-016 
±031 
±034 

2 
2 
3 
2 

I 
1 

1  39  14-990 
14-960 
14*999 
16  009 
16007 
14-982 

±016 
±-030 
±032 
±016 
±•016 
±033 

3 
2 
2 
2 

4 

1 

Mean 

2X 

^                   1 

;r»  +  Aft 

Date 
1869. 

k.  ■.    1. 

Probable 
error. 

Lb.    I. 

Probable 
error. 

Double  transmis- 
sion time. 

Feb.  17 
•♦     18 
u    24 
•*     26 
"     27 
"     28 

3  18  30*296 
30-263 
30*277 
30*360 
30*368 
30-366 

±023 
±046 
±•043 
±021 
±034 
±047 

1  39  16*147 
16-127 
16*138 
16*180 
16179 
16*183 

±012 
±022 
±•021 
±011 
±017 
±024 

0»-316 
0-333 
0-279 
0-342 
0-344 
0-402 

Mean 

1  39  15-169 

±-008 

0*366 

Note. — ^Telegraph  repeaters  were  used  at  Buffalo  and  Chicago. 
Length  of  telegraph  wires  in  circuit  between  Cambridge  and  BuffalOj  604  miles ; 
Buffalo  and  C^cago,  640  miles;  Chicago  and  Omaha,  498  miles. 
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XfOngitude  Determinations  across  the   Continent^  January  and 

February,  1869.     (Final  results.) 

Penonal  SqiiAtioiu. 
Qooit^  -  ^T^  =  tS-M    (  ^">  Gonld'.  Report  of  M.y,  1867,  p.  76. 
De«  -  D.»id«)u  =  +0180 1  ^""°  '''"*'~'' Ap,Sl'l86A  ^  ^"»«**»« 


Btotton. 

Cambridge, 
Om«ha, 
Salt  Lake, 
Sau  Frandsoo, 


OlMMirer. 
Ifoiman, 
Groodfellow, 
Dean, 
Dayidflon, 


Deftn*!  Standard. 

+  0*110  \  To  be  applied  to  the  dock 

—0*020  (      correctioDS  of  the  respec- 

O'OOO  f      tive    stations  to  reduce 

+  0180  )       them  to  Dean's  standard. 


To  correct  the  diiferences  of  longitude  for  personal  equation, 
we  have : — 

Cambridge  Time  —  Omaha  Time  =  -f-0»'130 

"  "     —  Salt  Lake  Time         =+0-110 

Omaha  "     _         "  "  =  -  0020 

Cambridge      "     —  San  Francisco  Time  =  —  0*070 
Omaha  "     —  "  *'     = —0-200 

Salt  Lake        "     —  "  "    =-0-180 


Differenoe  ofl 

Personal 

Ck>rrected  differ- 

Double tranfl- 

BTATIONB. 

Long.  (A). 

equation. 

ence  of  Longitude. 

mission  time. 

Jl  fn,  8. 

8, 

h.  m.  8.           8. 

8.      8. 

Cambridge  to  Omaha 

1  39  15159 

+  •130 

1  39  15-289  ±-008 

•386  ±-01 6 

Cambridge  to  Salt  Lake 

2  43    4-257 

+  110 

2  43    4-367  ±  008 

•591  ± -019 

Omaha  to  Salt  Lake 

1    3  49081 

-020 

1     3  49061  ±008 

•260  ±-01 6 

Cambr*ge  to  S.  Francisco 

3  26    7  260 

-070 

3  25    7190  ±007 

•817  ±014 

Omaha  to  San  Frandsoo 

1  45  52  094 

-•200 

1  45  5l-894±^010 

•483  ±023 

Salt  Lake  to  S.  Frandsoo 

0  42    3024 

-180 

0  42    2*844  ±'008 

•242  ±016 

9TJLTI0K& 

Differenoe  of 
Longitude. 

;ri  +  xt 

Oambridgif  to  Omaha, 

h.  fn,  8.             8, 
1  39  15*289  ±008 
1    3  49-061  ±008 

8.          8. 

•3.36  ± -01 6 

OfFiftbf^  t^  Mt  Tiake, . .     . . 

-260  ±016 

Cambridge  to  Salt  Lake  (sum), 

2  43    4350±011 
2  43    4*367  ±008 

'596  ±  -022 

"    "             "          idirectX 

•691  ±019 

Difference, 

•017  ±014 

•006  ±029 

CambridgH  to  Omaha,    .           ..... 

1  39  15-289  ±008 
1    3  49*061  ±*008 
0  42    2-844  ±008 

'336  ±015 

Omaha  to  Salt  Lake, 

-260  ±01 6 

Suit  Lake  to  San  Fraodsco, 

•242  ±016 

Oambridffe  to  San  Francisco  (sum), 

8  25    7-194±*014 
3  25    7-190±*007 

•838  ±^027 

(directX 

•817  ±014 

Difference.  -...- -_ 

•004  ±016 

-021  ±^030 

Omaha  to  Salt  Lake, 

1    3  49061  ±008 
0  42    2-844  ±008 

•260  ±  -016 

Salt  Lake  to  San  Francisco, 

•242  ±^01 6 

Omaha  to  San  Francisco  (sum),   ._,...__..... 

145  51-905  ±011 
145  61-894  ±010 

•602  ±  -023 

"                       "        (direct).   

•483  ±  023 

\^          www^,           -••••_.>>••• 

Difference, 

Oil  ±01 5 

•019±0.32 

Cambridire  to  Omaha, ,     ... 

1  39  16  289  ±008 
145  51 -894  ±-010 

•336  ±016 

Omaha  to  San  Frandsoo,  -.-.---.-.--.....  .. 

•483  ±  -023 

Cambridire  to  San  Frandsoo  (sum), . 

3  25    7183  ±-013 
3  25    7  1 90  ±007 

•819  ±-027 

»«                      "             (direct). 

•817  ±'014 

\'****'*'V»   --•••-»-- 

Difference, .................... 

i               -00*1  i:*^\!i 

V  -^Vi^'^^^ 
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8TATl(iN& 

Difference  of 
Longitude. 

a:,  +  A, 

Cambridge  to  Salt  Lake, 

Salt  Lake  to  San  Francesco. 

h.  fit.    s.              t. 

2  43    4-367  ±-008 
0  42    2.844  ±-008 

3  25    7  211±011 
3  25    7190  ±-007 

9.         $. 

•591  ±-019 
•i42±-01« 

Cambridge  to  San  Francisco  (sum), 

"                       *'             (direct, 

•833  ±-025 
•817  ±-014 

•016  ±-029 

Difference, 

•021  ±^013 

Cambridflre  to  San  Francisco, 

3  25    7.190  ±^007 
7194±-014 
7183±013 
7  211  ±011 

-817  ±-014 
•838  ±-027 
•8l9±-027 
•833  ±-025 

•827  ±-012 

(C.  to  0.)  +  (0.  to  S.  L.)  +  (S.  L.  to  S.  F.) 

(C.  to  0.)  +  (0.  to  S.  F.) 

(C.  toS.  L.)  +  (S.  L.  toS.  F.) 

Cambridge  to  San  Francisco  (Mean  of  all), 

3  25    7194  ±^006 

Art.  LVIL—  Notice  of  the  Tnvertebrata  dredged  in  Lake  Superior 
in  1871,  by  the  U.  S.  Lake  Survey,  under  the  direction  of  GenL 
C,  B.  Comstock,  S,  L  Smith,  naturalist;  by  S.  L  Smith  and 
A.  E.  Verrill. 

(Published  by  permission.) 

During  the  explorations  in  Lake  Superior,  mentioned  in  the 
last  number  of  tnis  Journal  (page  378)  the  following  species 
were  obtained,  together  with  a  number  of  minute  forms,  which 
have  not  been  determined. 

A  full  account  of  the  expedition,  with  descriptions  of  the 
species  collected,  will  be  published  in  the  oflSeial  report  of  the 
expedition. 

Radiata. 

Hydra  carnea  Agassiz.  A  beautiful  Hydra,  agreeing  with 
Avers  description  of  this  species,  was  very  abundant  at  the 
eastern  end  of  St  Ignace,  upon  i-ocks  along  the  shore  and  near 
the  surfoce,  frequently  completely  covering  quite  large  surfaces 
where  thev  were  protected  from  the  direct  sunlight,  and  was 
also  brought  up  in  many  of  the  dredgings  from  8  to  148  fathoms. 
In  32  fathoms,  Neepigon  Bay,  and  in  59  fathoms,  off  Simmon's 
Harbor,  it  was  brought  up  in  abundance  from  a  soft  clayey  bot- 
tom. In  the  deep  dredgings,  it  frequently  came  up  near  the 
bottom  of  the  clay  in  the  dredge,  and  was  evidently  not  caught 
while  the  dredge  was  near  the  surface. 

Moll  use  A- 

Limncea.  A  species  allied  to  Z.  disidiosa  Say,  was  abundant 
among  Cladophora  in  8  to  13  fathoms  on  the  south  side  of  St 
Ignace  Island. 

Physa  lieterostropha  Say.  In  the  cove  at  the  eastern  end  oi 
St.  Ignace,  in  4  to  6  fathoms,  and  young  specimens,  in  8  to  13 
fathoms,  at  the  localitv  with  the  Limna^i  just  mentioned. 

Physa  vinosa  Gould.  A  very  young  specimen,  apparently  of 
this  species,  in  6  lo  8  iaXXxoisi^  ^mo\\^m^'&\'^\A  lalancls. 
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Planorbis  parvus  Say.  Common  in  8  to  18  fathoms  on  the 
south  side  of  St  Ignace. 

Valvatu  sincera  (Say  sp.).  Abundant  with  the  last  species, 
in  8  to  13  fathoms,  and  also,  in  4  to  6  fathoms,  in  the  cove  at 
the  eastern  end  of  the  same  island. 

Spha^rium  sp.  nov.  ?  Among  the  Slate  Islands,  in  6  to  8 
fathoms.  A  smgle  young  specimen  of  another  species  of  Sphce- 
rtum  was  found,  in  8  to  13  fathoms,  on  the  south  side  of  St 
Ignace. 

Pisidium  Virginicum  Bourguignat  On  the  south  side  of  St 
Ignace,  8  to  13  fathoms. 

Pisidium  abditum  Haldeman.  With  the  last  species,  in  8  to 
18  fathoms,  and  also,  in  4  to  6  fathoms,  in  the  cove  at  the 
eastern  end  of  the  same  island 

Pisidium  compressum  Prime.  In  the  cove  at  the  eastern  end 
of  St  Ignace,  4  to  6  fathoms. 

Pisidium  sp.  nov.  A  small,  semi-translucent  species,  the  same 
as  found  by  Dr.  Stimpson  in  Lake  Michigan,  was  brought  up 
at  nearly  every  dredgmg.  It  was  common  in  the  cove  at  the 
eastern  end  of  St  Ignace,  on  sandy  and  muddy  bottom,  in  4  to 
6  fathoms,  and  abundant  among  Cladophora^  in  8  to  18  fathoms, 
on  the  south  side  of  that  island ;  among  the  Slate  Islands,  in  6 
to  8  and  12  to  14  fathoms ;  at  13  to  15  fathoms  on  a  sandy 
bottom  in  Simmon's  Harbor;  near  Copper  Harbor, in  17  fethoms, 
clear  sand ;  in  32  fathoms,  very  soft  clayey  mud,  in  Neepigon 
Bay ;  off  Copper  Harbor,  in  62  iathoms,  and  north  of  Keweenaw 
Point,  in  82  fathoms,  soft  reddish  clayey  mud  and  sand ;  and 
in  all  the  deep  dredging  down  to  169  rat&oms. 

Worms. 

Lumbricus  lacustris  VerriU,  sp.  nov.  About  1*5  inches  long, 
•04  in  diameter.  Body  round,  distinctly  annulated.  Head 
short,  conical,  obtusely  pointed.  Setae  spine-like,  strongly 
curved,  acute,  arranged  two  by  two,  those  of  each  pair  close 
together.     Color  reddish  brown. 

South  side  of  St  Ignace,  among  Oadophora,  8  to  13  fathoms. 

Soenuris  abyssicola  VerriU,  sp.  nov.  Worm  slender,  attenuated 
posteriorly,  about  '30  of  an  inch  long,  -03  in  diameter  anteriorly. 
Body  composed  of  about  28  segments,  those  of  the  posterior 
half  elongated ;  those  of  the  anterior  half  shorter,  separated  by 
slight  constrictions.  Cephalic  lobe  short,  subconical,  rounded 
in  front  Mouth  large,  semi-circular.  Intestine  slender,  monili- 
form,  containing  sana  Anus  terminal,  with  three  or  four  slight 
lobes.  SetflB  in  four,  fan-shaped  fascicles  on  each  segment,  com- 
mencing at  second  segment  behind  the  mouth.  The  two 
venti-al  fascicles  are  separated  by  a  space  equal  to  about  twice 
the  length  of  the  setae,  of  which  there  are  five  or  six  in  each 
fascicle ;  the  satae  are  simple,  acute,  slightly  curved,  equal  to 
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about  one-sixth  the  diameter  of  the  body.  The  lateral  fascicles 
contain  three  to  five  somewhat  shorter  and  straighter  simple 
setse.  One  specimen  appeared  to  have  four  minute  ocelli  upon 
the  ^per  side  of  the  head. 

Off^  Copper  Harbor,  17  fiithoms,  sand  ;  off  Simmon's  Harbor, 
60  fathoms ;  and  on  the  line  from  the  Slate  Islands  toward 
Stannard  Rock,  fourth  haul,  159  fathoms. 

Scenuris  limicola  Verrill,  sp.  nov.  Worm  more  slender  than 
the  preceding,  attenuated  posteriorly,  composed  of  about  44 
s^ments.  Length  about  '3S  of  an  inch,  diameter  "02.  Cephalic 
lobe  blunt,  conical.  Setae  in  four  fascicles  upon  each  s^ment, 
six  to  eight  in  each  £Eiscicle  anteriorlj,  four  or  five  posteriorly. 
The  setsB  in  all  the  fascicles  are  relatively  long,  slender,  curved 
and  acute.  Two  tortuous  red  blood  vessels  pass  along  the  in- 
testine, forming  a  loop  at  each  segment     Intestine  moniliform. 

On  the  line  between  the  Slate  Islands  and  Stannard  Bock, 
fourth  haul,  159  fathoms. 

Chirodrillus^  gen.  nov.  Allied  to  Soenurisj  but  with  six  &n- 
shaped  fascicles  of  set»  upon  each  s^ment,  two  of  which 
are  ventral,  two  lateral,  and  two  subdorsal ;  setse  in  the  ventral 
and  lateral  fascicles  four  to  nine,  simple,  acute,  slender,  curved 
like  an  italic/;  those  of  the  dorsal  fascicles,  stouter  and  less 
curved,  three  to  six  in  each  fascicle.  Intestine  wide,  somewhat 
moniliform.    Anus  terminal,  large. 

Chirodrillus  larviformis  Verrill,  sp.  nov.  Body  rather  short 
and  not  very  slender,  cylindrical,  obtuse  at  both  ends,  distinctly 
annulated,  composed  of  about  38  rings.  Length  about  '30  of 
an  inch;  diameter  05.  Cephalic  lobe  short,  conical,  obtuse, 
mouth  large,  semi-circular  beneath.  Ventral  fascicles  of  setae 
near  together,  with  about  five  setae,  which  are  rather  short, 
simple,  acute,  little  curved;  lateral  fascicles  with  five  or  six 
setae  of  similar  form  and  size;  sub-dorsal  ones  similar.  When 
preserved  in  alcohol,  the  body  is  usually  curved  ventrally  or  in 
a  simple  coiL  Color,  when  living,  translucent  whitish,  intestine 
slightly  greenish.  A  thickened  smooth  zone  commences  behind 
the  10th  setigerous  ring,  occupying  the  space  of  about  four 
segments. 

Off  Copper  Harbor,  17  fathoms,  sand ;  off  Simmon's  Harbor, 
69  fathoms,  clayey  mud. 

Chirodrillus  abyssorum  Verrill,  sp.  nov.  Sub-cylindrical, 
thicker  anteriorly,  distinctly  annulated,  composed  of  about  42 
segments.  Length  '25  of  an  inch ;  ciameter  about  '02.  Cephahc 
lobe  short,  conical,  obtuse,  mouth  large,  semi -circular.  Ventral 
fascicles  with  eight  or  nine  setae  anteriorly,  five  or  six  posteriorly. 
The  setae  are  long,  slender,  acute,  strongly  curved,  tbose  on  the 
inferior  side  of  the  fascicles  nearly  twice  as  long  as  those  of  the 
upper  side;  setae  of  the  lateral  fascicles  five  or  six,  slender, 
nearly  as  long  as  tkose  o?  \\i^  NCiiVx^V  owea^  and  similar  in  form ; 
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dorsal  fascicles  with  four  or  five  shorter,  stouter,  and  straighter, 
acute  setsd. 

Six  miles  S.E.  of  Passage  Island,  47  fathoms;  on  line  from  the 
Slate  Islands  toward  Stannard  Eock,  fourth  haul,  159  fathoms. 

Tubi/ex  projundicola  Verrill,  sp.  nov.  A  rather  stout  species 
for  the  genus,  about  1  to  1'5  inches  long,  '06  in  diameter  an- 
teriorly, more  slender  posteriorly  (•02  in  diameter).  Cephalic 
lobe  short,  conical :  one  specimen  apparently  had  two  minute 
ocelli.  Mouth  large,  semi-circular.  Intestine  moniliform,  with 
two  simple  red  blood-vessels  running  along  its  whole  length 
and  uniting  at  the  constrictions.  In  the  first  five  or  six  seg- 
ments there  are  slender  vessels  of  nearly  uniform  size,  whidi 
form  lateral  loops  in  each  segment.  Anus  terminal,  wide,  with 
about  ten  small  lobes.  Setae  in  four  fascicles  upon  each  seg- 
ment Those  of  the  lateral  fascicles  three  anteriorly,  often  but 
two,  short,  slightly  curved,  mostly  with  minute  forked  and 
hooked  tips ;  those  of  the  ventral  series  in  fascicles  of  four  to 
six,  three  or  foui*  times  longer  than  the  upper  ones,  considerably 
bent,  the  ends  minutely  hooked  and  forked. 

Neepigon  Bav,  32  fathoms. 

Nepnelis  fervvda  Verrill,  sp.  nov.  Leech  two  or  three  inches 
long,  "20  to  '30  wide,  elongated  and  slender  in  full  extension, 
very  little  depressed,  most  so  posteriorly,  often  round  and 
tapering  anteriorly.  Mouth  large,  nearly  circular,  subterminal, 
the  upper  lip,  in  contraction,  snort  and  rounded ;  corrugated 
within  the  oesophagus  with  three  conspicuous  folds,  eyes  eight, 
blackish,  conspicuous,  two  pairs,  a  little  apart,  on  the  first  ring 
of  the  head ;  two  pairs  wider  apart  and  farther  back  on  the 
third  ring.     Color  bright  brick-red,  when  living. 

In  8  to  13  fathoms,  south  side  of  St,  Ignace. 

A  small  specimen,  probably  the  young  of  this  species,  taken  in 
13  to  15  fathoms,  in  Simmon's  Harbor,  was  translucent,  tinged 
with  flesh  color,  with  a  dark  brown  intestinal  line  posteriorly. 

Nephelis  lateralis  Verrill  {Hirudo  lateralis  Say).  A  small 
specimen,  about  1  inch  in  length,  of  an  obscure  liver-brown 
color,  was  taken,  in  6  to  8  fathoms,  among  the  Slate  Islands, 
which  probably  belongs  to  this  species. 

IchinyobdeUa  punctata  Verrill,  sp.  nov.  Body,  in  extension, 
slender,  in  the  preserved  specimen,  about  '5  oi  an  inch  long, 
•06  in  greatest  aiameter,  rounded,  thickest  posteriorly,  tapering 
anteriorly  to  the  anterior  sucker,  which  is  broad  and  thin, 
sub-circular,  about  three  times  as  wide  as  the  neck  where  it  is 
attached.  Ocelli  four,  on  the  upper  side  of  the  anterior  sucker, 
the  two  larger,  black  ones,  in  front,  and  two  minute  ones  wider 
apart  and  ferther  back.  Posterior  sucker  large,  rounded  or 
oval.  Color  translucent  greenish,  with  minute  black  specks 
arranged  in  transverse  bands. 

Among  the  Slate  Islands,  6  to  8  fathoms. 
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Procotyla  fluviatilis  Leidy.  Numerous  specimens,  apparentlv 
of  this  species,  were  obtained  in  8-18  fathoms  on  the  souiii 
side  of  St  Ignace.  They  were,  when  living,  dirty  white,  mottled 
with  brown. 

In  addition  to  the  preceding  species  of  worms,  a  few  were 
obtained  which  have  not  yet  been  fully  determined. 

Cbustacba. 

Mysis  relictSk  Lov^n.  The  occurrence  of  this  and  the  follow- 
ing species,  identical  with  forms  from  Lake  Michigan,  and  the 
lakes  of  northern  Europe,  is  mentioned  in  the  last  number  of 
this  Journal  It  was  brought  up  with  sand  and  mud  from  12 
to  14  fathoms  at  the  eastern  end  of  St  Ignace,  fix>m  8  to  13 
fathoms,  with  CladophorcL,  on  the  south  side  of  the  same 
island,  and  from  deep  water  in  a  large  proportion  of  the  hauls 
from  73  to  148  fathoms. 

Pontoporeia  affinis  Lindstrom.  This  species  was  found  at 
every  haul  from  the  shallowest  io  the  deepest 

Orangotiyx  gracilis  Smith,  sp.  nov.  Eyes  slightly  elongated, 
black,  composed  of  few  facets.  AntennulsB  slender,  slightly  more 
than  half  as  long  as  the  body ;  secondary  flagellum  but  little 
longer  than  the  basal  segment  of  the  primary.  Antenoe 
much  shorter  than  the  antennulae ;  the  flagellum  and  peduncle 
of  about  equal  length,  the  peduncle  being  a  little  longer  than 
the  peduncle  of  the  antennulae.  Gna^ipoda  sub-equal  in 
both  sexes,  the  second  pair  being  only  slightly  larger  than  the 
first ;  propodus  in  the  first  pair  quadrate,  the  palmary  margin 
transverse,  nearly  straight,  and  armed  with  slender  spines,  of 
which  one  or  two  at  the  prominent  posterior  angle  are  much 
larger  than  the  others  ;  propodus  in  the  second  pair  like  those 
of  the  first,  but  a  little  more  elongated  ana  the  palmary 
margin  slightly  obliqua  Third,  fourth  and  fifth  pairs  of 
pereiopoda  equal  in  length  and  the  margins  of  their  basa 
spinulose.  Ultimate  pleopoda  reaching  to  the  tips  of  the 
penultimate;  the  outer  ramus  nearly  twice  as  long  as  the 
peduncle,  and  armed  with  slender  spines;  the  inner  ramus 
very  minute,  shorter  than  the  width  of  the  outer.  Telson 
scarcely  as  long  as  the  bases  of  the  ultimate  pleopoda,  slightly 
broader  than  long,  and  the  posterior  margin  with  a  triangular 
emarginatiou,  either  side  of  which  the  extremity  is  truncate 
and  armed  with  several  spines. 

The  incubatory  lamellae  of  the  female  are  very  large,  pro- 
jecting much  beyond  the  coxae  of  the  anterior  legs,  as  in  C  «• 
curvatus  Grube,  which  our  species  much  resemble  in  the  form 
of  the  antennulae,  antennae,  gnathepoda,  etc.,  while  it  diffci? 
much  in  the  ultimate  pleopoda  and  m  the  form  of  the  telson. 
Length,  5  to  7™°- 
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Among  Cladophora^  in  8  to  18  fathoms,  on  the  south  side  of 
St.  Ignace. 

Qammarus  lacustris  Smith,  sp.  nov.  Eyes  slightly  elon- 
gated, black.  Antennulse  not  quite  half  as  long  as  the  body, 
and  furnished  with  a  few  short  hairs ;  first  ana  second  s^- 
ments  of  the  peduncle  equal  in  length,  third  much  shorter ; 
flagellum  twice  as  long  as  the  peduncle.  Antennae  a  little 
shorter  than  the  antennulae ;  ultmiate  and  penultimate  seg- 
ments of  the  peduncle  equal  in  length,  the  basal  segments 
short;  flagellum  considerably  shorter  than  the  peduncle. 
Onathipoda  about  equal  in  size;  propodus  in  the  first  pair 
elongated  and  much  narrowed  toward  the  articulation  of  the 
propodus ;  palmary  margin  slightly  concave,  continuous  with 
the  posterior  margin,  and  fiirnishea,  like  it,  with  several  stout 
spines  and  numerous  long  hairs,  dactylus  slightly  curved  and 
fully  half  as  long  as  the  propodus ;  propodus  in  the  second 
pair  a  little  broader,  the  lateral  margins  nearly  parallel,  the 
pmaiy  maigin  somewhat  oblique,  slightly  concave,  and 
nimished  with  a  thin  raised  margin,  and  several  stout  spines, 
the  posterior  margin  without  spines,  but  furnished  with  nume- 
rous fascicles  of  hairs.  Pleon  rounded  above,  the  fourth  and 
fifth  segments  each  with  three  fascicles  of  two  or  three  small 
spines.  Third,  fourth,  and  fifth  pairs  of  jpereiopoda  sub-equal, 
their  basa  narrow  and  the  mar>»ins  ftimished  with  few  minute 
spines.  Rami  of  the  posterior  pair  of  pleopoda  very  slender, 
tne  edges  furnished  with  long  hairs  and  a  few  spines,  inner 
only  a  little  shorter  than  the  outer.    Length,  15  to  20"""* 

Uolor  in  life  uniform,  obscure,  dark  brownish-green,  with- 
out spots  or  markings  of  any  kind. 

Common  in  company  with  the  last  species  in  8  to  18 
fiithoms;  also  at  Simmon's  harbor,  in  13  to  15  fathoms,  and 
among  the  Slate  Islands,  in  4  to  6  and  12  to  14  fathoms. 

AseUus  tenax  Smith,  sp.  nov.  Head  broad,  with  a  large 
rounded  sinus  in  the  margin  on  each  side  opposite  the  eye, 
back  of  which  the  margin  projects  in  a  rounded  lobe,  so  that 
the  head  is  not  narrower  posteriorly  than  the  anterior  margin 
of  the  first  segment  of  tne  pereion.  Eyes  small,  prominent, 
and  separated  fi'om  the  margin  of  the  head  by  more  than 
their  diameters.  Antennulse  much  shorter  than  the  peduncles 
of  the  antennae.  Antennae  half  as  long  as  the  body;  the 
flagellum  longer  than  the  peduncla  Propodus  in  the  first 
pair  of  gnathipoda  narrow  and  elongated,  but  considerably 
stouter  in  the  male  than  in  the  female ;  dactylus  more  than  half 
as  long  as  the  propodus  and  its  palmary  edge  armed  with  acute 
spines,  of  which  the  distal  ones  are  lai^ger.  The  succeeding 
pairs  of  legs  all  similar,  the  carpal  and  propodal  segments  sub- 
equal  in  length  and  armed  with  short  spines  along  the  posterior 
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edges ;  the  dactyli  short,  armed  with  a  few  spines  on  the  pos- 
terior margin,  and  bi-unguiculate  at  tip.  Pieon  narrowed  pos- 
teriorly, and  the  extremity  obtusely  rounded.  Posterior  ple- 
opoda  slender,  the  outer  ramus  only  half  as  long  as  the  inner. 
Length,  8  to  13"»"»- 

Color  above  dark  fuscous,  spotted  and  mottled  with  yel- 
lowish. 

Common  with  the  last  two  species,  among  the  CUtdophorOj 
in  8  to  13  fathoms ;  also  in  4  to  6  fathoms  at  the  eastern  end  of 
St.  Ignace,  and  in  6  to  8  fathoms  among  the  Slate  Islands. 

Numerous  species  of  Entomostraca  were  collected  at  many 
places,  but  they  have  not  yet  been  examined  sufSciently  for  an 
enumeration  oi  the  species. 

In  addition  to  the  species  of  the  groups  already  mentioned, 
insect  larvae  and  pupae  were  obtained  at  nearly  every  haul 
Several  species  of  Chironomus^  or  of  closely  allied  genera,  were 
common,  a  slender  translucent  species  being  found  down  to 
147  fathoms;  an  Ephemerid  lava  occurred  at  82  fathoms  in 
Neepigon  Bay,  and  two  species  of*  Phrt/ganeidce  larv»  were 
common  among  Gladophora  in  8  to  18  fathoms  on  the  south 
side  of  St.  Ignaca 


k 


Abt.  LVIII. —  On  Kilauea  and  Mauna  Loa;  by  Rev.  Trrus  Coan. 
(From  a  letter  to  J.  D.  Dana,  dated  Hilo,  Aug.  30.) 

During  the  present  month  I  have,  in  connection  with  my  pas- 
toral labors,  visited  Kilauea  and  the  whole  coast  of  Puna.  I  had 
not  seen  the  volcano  since  July,  1869,  more  than  a  year  after  the 
great  earthquake  and  eruption  of  April,  1868.  At  this  visit,  in 
1869, 1  found  the  crater  very  quiet.  The  central  and  convex  part 
had  subsided  some  four  hundred  feet,  forming  a  vast  concave^  and 
leaving  a  high,  serrous,  black  ledge  around  the  circumference  of 
the  crater.  The  south  lake  was  not  included  in  the  central  basin 
or  depression ;  but  it  formed  a  much  deeper  pit  within  the  southern 
rim  of  the  black  ledge.  The  whole  crater  of  Kilauea  was  then 
quiescent,  with  light  puffs  of  long,  white  steam  rising  here  and  there. 
There  were  no  demonstrations,  and  so  nearly  cooled  was  the  bottom 
of  that  great  south  lake — Halemaumau — that  I  went  down  into  it 
some  txoelve  hundred  feet  below  the  upper  rim  of  Kilauea^  and 
measured  across  the  floor.  I  found  the  diameter  five-sixths  of  a 
mile,  the  pit  being  more  than  a  mile  wide  from  the  upper  north  to 
the  upper  south  nm.  There  were  several  places,  however,  at  that 
time,  where  the  incandescent  rocks  were  seen  boiling  fiercely, 
through  fissures,  in  caverns  fifty  to  one  hundred  feet  below.  Such 
was  the  state  of  the  crater  on  my  visit  in  July,  1869. 

On  my  recent  visit,  two  years  later,  I  found  gi-eat  changes. 
The  south  lake  had  been  filled  with  molten  lavas,  and  8uc<!e8sive 
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overflowings  had  covered  deeply  all  the  southern  end  of  the 
crater,  and  sent  off  their  fiery  streams  two  miles  to  the  north, 
covering  the  great  central  depression  to  the  depth  of  fifty  feet. 

Mr.  L.  Kaina,  an  observant  and  intelligent  Hawaiian,  who 
keeps  a  respectable  hotel  at  the  volcano,  told  me  that,  from  April 
to  October,  1870  (while  I  was  in  the  United  States),  repeated  and 
^and  overflowings  occurred  from  Halemaumau,  the  liery  waves 
surging  and  dashing  down  the  northern  declivities,  filling  the 
whole  crater  with  intense  heat  and  stifling  gases ;  it  threw  up  a 
sheet  of  lurid  light  toward  the  zenith,  producing  the  appearance 
of  a  firmament  in  conflagration,  and  reminding  one  of  the  bold 
figures  of  Peter  in  speaking  of  "  the  heavens  being  on  fire  .  .  .  and 
the  elements  melting  with  fervent  heat." 

My  informant  told  me  that  he,  several  times,  witnessed  what  I 
have  more  than  once  seen,  viz :  the  fiery  lake  rising  slowly  to  the 
rim,  boiling  and  spilling  over,  and,  by  hardening  in  successive 
strata,  raising  a  circular  dam  or  barrier  around  the  whole  circum- 
ference of  the  lake,  some  fifteen  to  twenty-five  feet  high.  Within 
this  circular  dike  or  raised  rim  the  molten  sea  boils  and  rages  until 
the  heat,  the  action,  and  the  lateral  pressure  burst  the  conical 
shell,  when  the  seething  flood  rushes  out  with  awful  power,  and 
covers  a  vast  area  with  its  burning  waves.  Such  a  scene  I  wit- 
nessed shortly  after  I  lost  your  pyrometer,  which  had  been  thrust 
into  a  fiery  lake  such  as  is  here  described.  I  judge  that  the  over- 
flowings from  this  south  lake,  during  my  absence,  cover  four 
square  miles  to  a  depth  of  fifty  to  three  hundred  feet — the  deepest 
portion  being  an  elevated  region  lying  all  around  Halemaumau — 
and  extending  east,  south,  and  west,  to  the  outer  walls  of  Kilauea, 
and  flowing  down  a  steep  slope  to  the  north,  and  sweeping  over 
the  great  central  concave. 

I  was  in  the  crater  on  the  22d  instant,  and  was  at  once  surprised 
with  the  great  changes  manifest.  I  had  no  sooner  descended  from 
the  northern  terrace,  or  black  rim,  than  I  found  myself  on  new 
groimd.  All  old  tracks  and  landmarks  were  obliterated.  All  was 
recast.  About  half  a  mile  from  the  south  lake  I  began  to  rise  on 
an  angle  of  some  26°  until  I  was  on  a  level  with  the  rim  of  the 
cauldron.  About  three  hundred  yards  from  the  pit  the  heat  was 
so  great,  and  the  gases  so  pungent,  that  I  could  not  proceed  in  a 
direct  line  to  the  margin.  Being  driven  back  I  maae  a  detour, 
and  again  attempted  a  direct  approach.  Failing  in  this,  I  retreated 
to  a  safer  atmosphere,  and  then  flanked  the  fiery  pit  at  some  dis- 
tance, traveling  southwestward  for  half  a  mile.  Here  I  found  the 
smoke  and  gases  lighter,  and  again  I  advanced  on  the  crater  at 
right  angles.  With  difficulty  1  succeeded  in  reaching  the  rim, 
and  a  puff  of  wind  favoring  by  sweeping  off  the  dense  smoke  of 
the  pit  in  another  direction,  1  caught  a  twenty-second  glimpse  of 
the  awful  abyss  below.  I  judged  the  pit  of  Halemaumau  to  be 
seven  hundred  feet  deep,  one  mile  and  a  half  long  from  east  to 
west,  and  one  mile  from  north  to  south.  But  it  was  full  of  dense 
columns  of  smoke  and  sulphurous  gases  which  were  rapidly  rising 
Am.  JouB.  Soi.— Third  Sbbibs,  Vol.  II,  No.  12.«— Dbo.,  1871. 
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from  burning  depths  below,  and  being  carried  by  the  winds  over 
all  the  regions  1  wished  to  traverse.  Almost  immediately  after 
the  opening,  which  revealed  to  me  the  profomid  depths  of  the  fiery 
abyss,  the  whole  pit  was  packed  and  darkened  with  still  denser 
clouds  of  smoke,  which  the  fitful  wind  began  to  drive  upon  me.  I 
made  a  hasty  retreat  to  the  northwest,  where  I  reached  tiie  original 
black- terrace,  and,  mounting  an  inactive  cone  some  twenty-five 
feet  high,  rested  in  a  current  of  cooler  and  purer  air,  and  surveyed 
the  marvelous  scene  I  had  just  left.  There  is  a  great  body  of 
molten  matter  in  this  pit,  recognized  by  its  sullen  mutterings,  and 
splashings  and  surgings,  and  by  the  bloody  glow  thrown  upon  the 
uprising  columns  of  smoke  at  night.  But  the  heat  and  smoke  are 
so  great,  that  it  is  unsafe  to  approach  the  rim  of  the  crater,  and 
usually  impossible  to  see  the  bottom  even  could  you  reach  the 
margin  of  the  pit.    , 

The  immense  quantities  of  lava  which  came  from  this  pit  were 
not  all  thrown  over  the  upper  rim.  After  this  rim  had  been  raised, 
with  all  the  surrounding  area,  to  a  great  height,  the  molten  floods 
formed  subterranean  passages  to  the  lower  parts  of  Kilauea,  where 
they  burst  out,  and  spread  seas  of  liquid  fire  over  the  surface. 

An  active  CrcUer  on  Mauna  Loa, — While  at  Kilauea,  the  at- 
mosphere being  clear  at  night,  I  had  a  view  of  an  active  volcano 
on  Mauna  Loa  some  1 3,000  feet  high,  and  about  four  miles  south  by 
west  of  Mokuaweoweo,  the  summit  crater.  This  volcano  has  been 
burning  for  weeks,  though  not  often  seen  at  Hilo  on  account  of 
clouds.  Its  bearing  is  about  southwest  from  Hilo,  and,  as  I  judge, 
about  north  from  Ktihukujin  Kau.  It  is  said  that  several  Hawaiian^ 
of  Kau  have  visited  it.  They  say  that  it  is  a  small  lateral  crater 
of  Mokuaweoweo,  about  four  miles  distant.  It  has  long  been  ex- 
tinct, but  it  now  boils  in  fiery  swirls,  murh  like  Kilauea.  Its 
action  is  unequal,  sonu'tinies  throwing  up  brilliant  jets,  and  clouds 
of  smoke,  and  anon  seething  quietly  in  its  deep  caverns.  It  has 
not  overflowed  its  rim,  or  rent  its  mural  walls,  or  found  any  sulv 
terranean  vent  by  which  the  molten  lake  passes  off.  From  week 
to  week  and  month  to  month  it  burns  in  solitude,  and  shines  like 
a  beacon  light  upon  the  dark  mountain.  Most  of  the  time  it  is 
hidden  from  us  by  clouds ;  but  when  the  old  mountain — the  mother 
of  volcanoes — removes  her  misty  veil,  we  can  then  see  its  distant 
light. 

Some  thirty- live  or  forty  miles  from  Kilauea,  and  about  9,000 
feet  above  it  in  altitude,  how  is  it  that  we  can  see  no  sympathy 
that  proves  a  subterranean  connection  ? 

We  have  occasional  shocks  of  earthquake.  From  Kilauea  I 
went  down  to  the  coast  of  Puna,  and  followed  its  shores  to  Hilo. 
The  great  subsidence  of  April,  1868,  still  remains.  In  most  places 
the  i>eople  have  removed  from  the  shore  and  built  half  a  mile  to 
two  miles  inland.  In  some  places  they  now  catch  fish  where  once 
they  cultivated  vegetables  and  grazed  their  horses.  The  debris 
of  that  little  cataclysm  is  still  strewn  along  the  shores  of  I^una 
and  Kau. 
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SCIENTIFIC    INTELLIGENCE. 

L   Chemistry  and  Physics. 

1.  On  the  sensitiveness  to  light  of  the  haloid  salts  of  silver^  and 
the  connection  between  optical  and  chemical  absorption  of  light 
— Schultz-Sellack  has  published  with  the  above  title  a  very  in- 
teresting memoir,  the  principal  results  of  which  are,  in  the  author's 
words,  as  follows  : 

(1.)  In  the  case  of  a  mixture  of  chlorine  and  hydrogen  the  curve 
of  the  chemical  intensity  of  the  spectrum  which  shows  the  relative 
chemical  action  which  the  different  colors  exert  when  completely 
absorbed,  has  a  course  different  from  that  of  the  curve  which  di- 
rectly expresses  the  observations  of  Bunsen  and  Roscoe,  and  prob- 
ably more  nearly  resembles  the  curve 'bfheat-intensity^ 

(2.)  The  sensitiveness  to  light,  determined  by  photographic  ex- 
citement, extends  in  the  case  of  chloride  of  silver  from  the  ultra- 
violet to  §HG ;  in  the  case  of  iodide  of  silver  to  ^  GF ;  in  the  case 
of  bromide  of  silver  to  ^  GF,  with  iodo-bromide  and  iodo-chloride 
of  silver  to  beyond  E. 

(3.)  The  dark  coloration  of  haloid  salts  of  silver  exposed  to  the 
spectrum  takes  place  in  the  case  of  chloride  of  silver  within  the 
extent  of  the  photographic  excitability ;  this  is  probably  also  the 
case  with  the  other  haloid  salts. 

U,)  In  the  case  of  the  haloid  salts  of  silver  the  absorption  of 
lient  is  always  accompanied  by  chemical  decomposition.  These 
salts  exert  a  perceptible  absorption  upon  the  spectrum  only  within 
the  above  mentioned  limits  of  photographic  excitability. 

(5.)  Only  a  small  fraction  of  the  absorbed  light  is  converted 
into  chemism.  This  fraction  is  different  for  dimjrent  colors,  but 
is  never  zero. 

(6.)  A  thin  film  of  iodide  of  silver  absorbs  the  light  which  is 
more  refrangible  than  G  very  strongly,  the  light  between  G  and 

}.  GF  but  feebly ;  this  last  is,  however,  photographically  active, 
n  photographing  upon  iodide  of  silver,  the  interposition  of  a  thin 
film  of  the  iodide  acts  like  illumination  with  light  approximately 
homogeneous  from  G  to  ^  GF. 

(7.)  At  a  higher  temperature  the  coloration  of  the  haloid  salts 
of  silver  becomes  deep  brown.  The  sensitiveness  to  light  then 
probably  extends  to  the  red  of  the  spectrum. 

(8.)  The  application  of  the  term  chemical  rays  to  the  more 
strongly  refrangible  rays  of  the  spectrum  has  no  other  significa- 
tion than  that  known  substances  sensitive  to  light  specially  absorb 
precisely  these  rays. — JPogg,  Ann.,  cxliii,  p.  161.  w.  g. 

2.  On  the  proteine  series. — Ulasiwetz  and  Habermann  have 
taken  up  the  study  of  this  somewhat  neglected  subject,  and  have 
arrived  at  results  of  much  interest.  The  authors  in  the  first  place 
pass  in  review  the  results  obtained  many  years  since  by  the  study 
of  the  products  of  the  action  of  various  reagents  upon  members  of 
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the  proteine  ffroup.  These  they  compare  with  the  products  of 
the  action  of  uie  same  reagents  upon  the  so-called  carbon-hydrates, 
gum,  starch,  &c.,  pointing  out  the  close  relationship  between  the 
two  classes  of  derivatives.  The  substances  selected  for  examina- 
tion were  caseine,  albumen  and  fibrine,  vegetable  albumen  and  le- 
gumine.  These  substances  were  treated  with  bromine  and  water 
as  long  as  the  bromine  appeared  to  exert  an  action,  and  the  pro- 
ducts of  the  action  of  bromine  separated  by  processes  for  which 
we  must  refer  to  the  original  paper.  The  results  finally  reached 
showed  that  under  the  circumstances  the  products  of  the  decom- 
position were — 

i  Bromacetic  acid,      (  Asparagic  acid,       i  Leucine,  i  TribromAinido- 

•|  Bromoform,  <  MaJamic  acid  (?)     \  Leucimid,  <  bcnxoic  Md<L 

(  Oarbomc  acid,  (  Oxalic  acid,  (  Capronic  acid,      (  Bromanil, 

together  with  some  ammonia  and  humus-like  substances.  Tyrosin 
was  not  found  in  any  case ;  but  the  authors  suggest  that  it  was 
converted  by  the  action  of  bromine  into  bromamL  The  products 
were  qualitatively  the  same  for  all  the  substances  examined,  hut 
quantitatively  different,  so  that  the  authors  infer  that  the  members 
of  the  group  do  not  contain  a  common  base  like  the  proteine  of 
Mulder.  The  action  of  bromine  upon  the  proteine  bodies,  like 
that  of  other  agents  of  decomposition,  yields  two  classes  of  pro- 
ducts— those  which  belong  to  the  fatty  and  those  which  belong  to 
the  aromatic  grouj).  Neither  of  these  groups  contains  more  tnaD 
six  atoms  of  carbon  in  the  principal  chain,  so  that  they  may  be 
considered  as  derived  respectively  from  the  hydrocarbons,  C^H,^ 
and  C^gH^.  Only  the  highest  terms  are  characteristic  of  the  pro- 
teine bodies,  namely — leucine,  asparagic  acid,  glutamic  acid  and 
tyrosin.  All  the  others  are  merely  derivatives  of  them. — Ann. 
der  Cheniie  und  Pharmacie^  clix,  p.  304.  w.  g. 

3.  On  the  products  of  the  reduction  of  silicic  ether  a?id  some  of 
its  derivatives. — Ladexbur(i  has  studied  the  action  of  zinc-etbyl 
and  sodium  upon  silicic  ether.  The  first  product  of  the  reduction 
is  the  silico-propionic  ether  of  Friedel  and  Ladenburg,  SiCjHj 
(0£?2^5)3*  When  this  is  repeatedly  treated  with  zinc-ethyl  and 
sodium,  a  second  product  is  obtained  which  has  the  formula 

The  density  of  this  liquid  is  0*8752  at  0°  C,  and  its  boiling  point 
155°*5.  The  author  terras  it  silicium  diethyl-keton-ether.  It  is 
unchanged  in  the  air,  insoluble  in  water,  soluble  in  alcohol  and 
ether.  By  long  boiling  with  caustic  alkalies  it  is  decomposed,  and 
silico-propionic  acid  may  be  obtained  from  the  solution.  By  trea^ 
ing  with  chloracetyl  or  chlorbenzoyl  the  ethyl  groups  are  ex- 
changed for  chlorine,  while  acetic  or  benzoic  ether  is  formed.  Thus 
in  the  latter  case  we  have — 

Si(€,lI,)2(e€,H,)2+2€,H,eCl  =  Si(€,H;)aCla  + 

2(f;,H5e.o€2nj. 


Geology  and  Natural  Hi&tory.  469 

With  one  molecule  of  chloracetyl  or  chlorbenEoyl,  the  reaction  is 
different ;  thus  we  have — 

Si(«3H,),(6€aH,),+€aH3eCl=Si(€aHj),Cl(6€aHJ. 
Silicium-diethyl-eblorethin,  Si(€aHj),Cl(GCaH J,  boils  at  148° 
C;  ailicinm-diethyl  chloride,  Si{€jH„)aCl3,  at  129°  C.  Both 
are  liquids  which  fiime  in  the  air,  and  bum  with  a  green  boi^ 
dered  flame,  leaving  silica.  By  the  action  of  water  upon  the 
diethyl  chloride  the  author  obtained  a  viscid  syrup,  the  apalyaes 
of  which  agreed  tolerably  with  the  formula,  Si(C3H,)jO.  The 
author  considers  this  substance  identical  with  that  obtained  by 
Friedel  and  Crafts  by  the  action  of  fuming  nitric  acid  upon 
silicium-ethyl,  and  for  which  they  proposed  the  same  formula.  By 
the  further  actiou  of  sodium  and  zinc-ethyl  upon  silicium-diethyl 
kcton  ether  the  author  obtained  an  ether  havins  the  formula, 
Si(C3lI Jj(GCjHj),  which  lie  terms  ailico-heptyl  ether,  boiling 
at  lfi3°  C.  lodhydric  acid  reacts  with  this  body  according  to  the 
equation : 

2Si(€aHj)3{e€aH,)+2lH  =  {Si(Cj,H,)3),e+2eaH.I-|-©H,. 
Siliciom  triethyl  oxide,  (Si(C3H^)3),0,  was  first  obtained  by 
Friedel  and  Crafts.  The  new  reaction  furnishes  a  method  of  ob- 
taining it  more  easily.  In  conclusion,  the  author  points  out  a  cer- 
tain regularity  in  the  physical  properties  of  the  best  known  mem- 
bers of  the  aihcium-ethyl  series.      We  have — 

BoUln«  polDI.       DenUlT  al  «• 

Silicic  ether,  >^i|<ills)i**«  166''-6  0-9676 

Silico-prop.  ether,  Si(tjllj,ej  \&%°-b  0.9207 

Silico-dlethyl-keton,  Siit'^llj,©,  l56°-5  0*8752 

Silico-heptyl  ether,  Si(i:^Hj)jO  153'  0'B414 

Silicium-ethyl,  t>i(t^lljj  162°-5  ©•7667 
— Berichte    der    Deutachen    Chem.    GeaeUachaft,    Jahrgang    iv, 

726.  w.  a. 

n.  Geology  and  Natural  History. 

1.  Triaamc  Sandstone  of  the  Paiisade  Range. — The  Triassic  (or 
Triassico- Jurassic)  rock,  in  New  Jersey,  as  well  as  Connecticut,  is 
generally  a  distinct  granitic  sandstone,  that  is,  it  is  largely  made 
up  of  pulverized  granite  or  gneiss.  This  rock  in  the  Palisade 
range.  New  Jersey,  is  very  fine-grained,  and  has  been  called 
feiaite  by  Prot  Wurtz,  and  also  by  Dr.  P.  Schweitzer,  in  a  paper 
on  its  composition  in  the  American  Chemist,  July,  IBTl,  p.  23. 
Five  specimens  were  analyzed,  and  all  were  granular,  and  feld- 
spar could  be  readily  distinguished  under  the  microscope.  Mr. 
Schweitzer  found  the  first  four  to  contain  ingredients  correspond- 
ing to  30  to  60  per  cent,  of  albite,  showing  that  the  granitic  rock 
oat  of  which  these  New  Jersey  fine-grained  sandstones  were  made 
was  albitic.  The  rock  from  the  Newark  quarries  consists,  accord- 
ing to  him,  of  albite  50*46  per  cent,  quartz  4649,  soluble  silica 
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0'30,  water  1*14,  bases  dissolved  out  by  hydrochloric  acid  2*19= 
100*30.  It  would  be  of  geological  interest  to  find  the  locality  of 
the  albitic  granitoid  rocks  that  afforded  the  material  for  these 
sandstones  (as  we  should  call  them,  the  term  felsite  being  used 
not  for  a  rock  of  a  peculiar  constitution,  but  rather  for  one  of  flint- 
like or  impalpable  texture).  The  Triassic  sandstones  of  the  vicinity 
of  New  Haven,  Ct.,  contain  orthoclase  instead  of  albite,  and  the 
material  is  evidently  from  the  rather  coarse  granites  that  lie  ]UBt 
west  of  the  sandstone.  d. 

2.  Martius,  Flora  Brasiliensis. — Fascicles  51,  62,  63  and  64 
have  all  appeared  during  this  current  year ;  the  first  bears  the 
date  of  February,  the  last  of  July,  1871.  The  enlightened  Em- 
peror of  Brazil,  while  in  Germany  this  year  (where  he  visited  the 
grave  of  von  Martins,  and  plucked  and  preserved  some  flowers  as 
a  souvenir)  had  the  satisfaction  of  observing  the  rapid  progress  of 
this  great  national  work,  under  Dr.  Eichler's  efficient  direction. 
Dr.  Eichler  has  this  year  been  called  to  fill  the  chair  of  Botany  at 
Gratz,  with  which  is  combined  the  directorship  of  the  Botanic  Gardea 
But  he  is  able  to  carry  on  the  Flora  of  Brazil,  which  will  still  be 
printed  at  Munich.  With  the  fascicles  now  published,  title-pages 
are  issued  for  the  volumes  or  parts  of  volumes  (when  the  size  of 
the  volume  calls  for  a  division)  already  completed.  It  appears 
that  eight  volumes,  or  rather  six  half-volumes  and  two  full  volumes, 
are  now  ready  for  the  binder. 

Fascicle  51,  by  Doell  of  Baden,  commences  the  Gramineae^  but 
includes  only  the  small  tribes  of  Oryzecv,  and  PhodnrideGe^  the 
later  in  the  Kunthian  rather  than  the  Brownian  sense.  The  squor 
mule  are  maintained  to  be  some  of  them  perigonial,  but  others  of 
stipular  nature,  i.  e.,  stipules  of  palese.  Oryza  is  made  to  include 
Leer.sia  as  a  section.  Oryza  sativa  and  O.  monafidra,  Coix  lachry- 
nia^  and  Zea  Mays  are  figured,  as  also  a  few  rarer  grasses. 

Fasc.  52,  besides  Meissner's  supplement  to  Convolvulacce  (Geo- 
gra])hy  an<l  uses)  contains  the  (kcscutacecB  by  Dr.  Progel  and 
HydrohacecB  and  Pedaline(v  by  A.  W.  Bennett  of  London.  Dr. 
Progel  claims  for  these  plants  the  rank  of  an  order,  on  the  ground 
of  the  structure  of  the  embryo,  the  amount  of  albumen,  and  the 
simply  imbricative  jestivation  of  the  corolla.     Yet  in  the  diagnostic 

character  we  read ;  "  roroUa    lohis    per  astivationeni 

con  tort  is,'^''  With  good  judgment,  he  refers  all  to  the  one  genus 
Cuscuta,  and  gives  a  conspectus  of  all  the  tropical  and  subtropical 
American  species,  after  Engelniann.  P^ighteen  Brazilian  species 
are  described,  one  figured  at  large,  and  the  flowers,  seeds,  &c.,  of 
all  of  them  after  the  manner  of  Engelmann's  original  monograph, 
which  led  the  way  to  the  present  understanding  of  the  genus,  and 
whose  more  recent  and  elaborate  "  systematic  arrangement  "  is 
almost  implicitly  followed. 

The  Hydroleacece  are  equally  maintained  by  Mr.  Bennett  as  an  in- 
dependent order,  a  matter  which  may  almost  equally  well  be  de- 
cided  either  way  ;  but  we  have  before  alluded  to  a  connecting  link 
^^fcetweeri  this  group  and  l\ie   ILjdrop/ij/^aoe(<^  which  our  author 
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overlooks.  Five  species  of  Hydrolea  and  one  of  Wigandia  are  all 
that  are  claimed  for  the  Brazilian  flora.  The  JPedali/ieaj  count 
two  genera  of  a  single  species  each  and  one  of  three  species. 

The  63d  fasciculus  contains  the  Iridece^  elaborated  by  Dr.  Klatt 
of  Hamburg,  and  illustrated  by  8  plates.  It  is  stated  that  the 
known  species  of  the  order  amount  to  470,  of  which  251  are 
African,  109  American,  50  Asiatic,  42  European,  and  13  Aus- 
tralian. The  Brazilian  flora  counts  57;  but  there  is  no  Iris 
among  them,  nothing  nearer  than  a  solitary  Cipura,     Nuttall's 

fenus  JNemastylis  has  a  south  Brazilian  representative.  THgridia 
^avonia  would  appear  to  inhabit  Brazil  as  well  as  Mexico,  and 
S.  America  is  the  home  of  SUgHnchium^  of  which  21  species  are 
Brazilian. 

Fasc.  54  comprises  the  EacaUoniece  and  CunoniacecB^  by  Dr. 
Engler  of  Breslau,  and  the  Connara^eoe  and  Ampelidece  \>j  Mr. 
Baker  of  Kew.  EscaUonia  counts  up  to  43  species  in  Brazil,  and 
Weinrnannia  almost  as  many.  The  35  Brazilian  species  of  Con- 
naraceas  are  divided  among  four  genera;  and  there  are  good 
figures,  with  full  details,  nlling  seven  plates.  Of  AmpeTidecB 
there  are  35  species  of  Vitis  (taken  in  the  largest  sense) ;  and 
five  plates  are  given.  The  remaining  orders  of  Polypetalce  will 
soon  be  forthcoming,  and  then  the  EuphorbiacecB,  a.  g. 

3.  BaiMon^a  Histoire  des  Plants,  in  a  series  of  monographs,  is 
making  progress,  notwithstanding  all  untoward  events.  We  have 
before  us  the  monograph  on  Menispermaceoi  and  JSerberidaceas, 
illustrated  by  73  admirable  wood-engravings ;  and  that  on  Nym- 
phoBOceoB,  with  34  figures,  both  issued  in  1871.  Tlie  illustrations 
of  the  Coccultis  series  are  taken  from  Anamirta  Coceulus  (the 
officinal  Coceulus  Indicus),  our  own  Coceulus  Carolinus,  and  the 
Jifeni^oermum  Dahnricum,  which  is  very  like  our  own  species. 
The  Vissampelos  series  has  capital  illustrations  of  the  officinal 
Cissampelos  Pareira,  The  Chasmanthera  series,  to  which  our 
Calycocarpum  belongs,  is  illustrated  by  Chasmanthera  Columba, 
which  furnishes  the  Columbo  of  Madagascar. 

Baillon  follows  Bentham  and  Hooker  in  referring  the  Lardizor 
bcUeoBy  as  a  tribe,  to  the  Berheridacem,  But  his  great  point  is  that 
he  finds  in  Erythrospermum  of  Lamarck,  hitherto  placed  in  the 
Bixaceoi,  another  syncarpous  Berberideous  genus,  nearly  related 
to  the  Chilian  Berheridopsis  of  Hooker,  and  with  it  constituting 
a  new  tribe.  The  name  Bo^igardia  he  replaces  by  Chrysogonum 
of  Rauwolf  and  Bauhin  (which  would  thus  throw  out  Linnseus's 
own  genus  Chrysogonum) ;  this  going  back  beyond  Tournefort 
would  work  endless  trouble,  if  accepted ;  and  by  the  same  rule  Leon- 
tice  also  should  have  given  place  to  Leontopetalum,  CaiUophyU 
lum  is  naturally  considered  as  a  section  of  Leontice^  and  all  the 
genera  separated  from  Epimediuui  are  suppressed.  Baillon  has 
not  mentioned  the  fact  announced  in  this  Journal,  that  Podophyl- 
lum  occasionally  exhibits  more  than  one  carpel,  and  he  signities  a 
doubt  whether  the  pulpy  investment  of  the  seeds  is  an  arillus. 
This,  however,  the  fresh  fruit  makes  clear. 
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The  Nymphceaceoe  are  taken  in  the  most  enlarged  sense,  and  even 
are  made  to  include  the  Sarracenicicece^  which  is  surely  widdy 
beyond  the  mark.  NeliimbOy  Caiomba,  Nuphar^  Nymphoea^  and 
JSuryale  are  well  illustrated ;  the  latter  genus  is  made  to  include 
Victoria  ;  the  quasi-monocotyledonous  stems  are.described,  Ac.  In 
the  first  instance  the  ovules  of  the  CahombecB  are  said  to  be  inserted 
in  the  internal  angle  of  the  ovaries  (ventral  suture) ;  elsewhere 
they  are  more  correctly  said  to  be  borne  on  the  parieti^  of  the 
cell ;  but  it  is  nowhere  mentioned  that  they  are  more  commonly 
on  or  near  the  dorsal  suture,  and  very  rarely  indeed  upon  the 
ventral,  as  Salisbury  and  then  Brown  long  ago  pointed  out. 

We  should  add  that  this  important  work,  as  fast  as  it  appears, 
is  translated  into  £nglish  and  published  in  London,  under  the  name 
of  A  Natural  History  of  Plants,  Reeve  and  Co.  are  the  pub- 
lishers. They  issue  it  in  monthly  numbers,  and  the  first  volume 
is  already  issued,  at  26  shillings ;  it  has  508  wood-engravings. 

A.  6. 

4.  Baptisia  perfoliata  y  tfie  arrangement  and  morphology  of  its 
Leaves, — In  a  paper  sent  by  Mr.  Ravenel  to  Prof.  Gray,  and  read 
by  him  at  the  last  meeting  of  the  American  Association  for  the 
Advancement  of  Science,  the  character  of  the  torsion  of  the  stem 
by  which  the  foliage  on  summer  shoots  becomes  unilateral,  is  ex- 
plained. It  had  been  hastily  supposed  by  the  present  writer  that 
the  leaves  were  five-ranked,  and  became  one-ranked  by  a  continu- 
ous torsion  of  the  stem.  Mr.  Ravenel  points  out  that  the  phyllo- 
taxis  of  the  plant  in  question  is  really  of  the  two-ranked  order, 
which  inspection  of  the  growing  shoots  makes  abundantly  clear, 
and  that  they  become  one-ranked  by  the  alternate  twisting  of  the 
successive  internodes  right  and  left,  i.  e.,  one  twists  to  the  right, 
the  next  as  much  to  the  left,  the  next  in  the  opposite  direction, 
and  so  on,  thus  bringing  the  leaves  into  a  vertical  position  all  on 
one  side  of  the  horizontal  branch.  It  occurred  to  Mr.  Ravenel 
that  this  vertical  position  of  the  leaves  was  correlated  with  the 
remarkable  alternate  torsion  of  the  axis,  namely,  that  the  leaves 
on  the  reclining  branches  were  adjusting  themselves  so  as  to 
present  their  two  faces  as  equally  as  possible  to  the  light,  as  is 
done  by  those  of  the  Compass  plant  in  a  different  way  ;  and  that  it 
was  therefore  probable  that  the  stomata  would  be  found  to  be  as 
numerous  on  the  upper  face  of  the  leaf  as  on  the  lower.  A  micro- 
scopical examination  proved  the  correctness  of  Mr.  Ravenel's 
conjecture  ;  the  stomata  are  about  equally  numerous  on  the  two 
faces.  Whether  the  leaves  take  a  vertical  position  because  the 
stomata  occupy  both  surfaces,  or  whether  the  stomata  are  so  dis- 
tributed because  the  leaves  stand  edgewise  to  the  zenith,  is  a 
question.  Tlie  fact  is  that  the  two  are  thus  correlated,  and  such 
correlation  is  ordinarily  essential  to  the  well-being  of  the  plant. 
It  may  be  remarked,  however,  that  the  stomata  do  not  manifestly 
appear  until  the  leaf  is  pretty  well  developed.  Also  that  this 
distribution  of  the  stomata  is  i)eculiar  to  the  species  in  question. 
At  least  the  leaves  of  7i.  australis  and  B.  leucantha^  which  retain 
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their  horizontal  position,  are  provided  with  stomata  only  on  their 
lower  face.  The  question  next  arises  whether  B,  perfoliata  really 
differs  in  its  normal  phyllotaxis  from  its  congener.  We  find  that 
it  does  not,  that  in  B,  auatralis,  leucantha  and  aJha^  and  in  B. 
j^foliata  lUcewise  (these  being  all  the  species  at  present  cultivated 
in  the  Cambridge  Botanic  Garden),  the  arrangement  of  the  leaves 
at  the  base  of  the  main  stem  is  of  the  tristichous  order,  but  that 
after  the  first  or  second  cycle,  especially  on  the  branches,  this 
changes  to  the  distichous  order.  The  difference  between  B.  per- 
folicUa  and  its  congeners,  therefore,  is  not  in  the  normal  arrange- 
ment of  the  leaves,  but  in  the  fusion  of  the  axis  and  the  distribu- 
tion of  the  stomata,  adopting  the  foliage  to  its  vertical  position. 

The  form  of  the  leaves  in  Baptisia  perfoliata  is  remarkably 
peculiar.  Most  of  the  species  have  trifoliate  leaves  and  a  pair 
of  stipules ;  this  has  to  all  appearance  a  simple  and  entire  per- 
foliate leaf  and  no  stipules.  It  is,  however,  a  natural  supposition 
that  the  apparently  simple  leaf  consists  either  of  a  pair  of  stipules, 
or  of  such  stipules  and  a  leaflet,  connate  into  a  rounded  disk. 
This  supposition  Mr.  Ravenel  has  just  now  had  the  good  fortune 
to  verify,  by  finding  some  abnormal  shorts  of  -B.  perfoliata^  one 
of  which  is  m  our  possession.  Most  of  its  leaves  are  cordate-clasp- 
ing rather  than  perfoliate,  and  with  or  without  a  retuse  or  emar- 
ginate  apex ;  some  almost  two-parted  so  as  to  represent  pretty 
obviously  a  pair  of  stipules ;  and  one  of  like  conformation  but 
with  an  obvious  terminal  leaflet  in  the  sinus !  Mr.  Ravenel  re- 
marks that  this  is  a  manifest  step  toward  his  own  B,  stipulacea. 
But  it  hardly  invalidates  that  species,  although  the  inflorescence 
and  legume  of  the  two  are  quite  alike.  a.  g. 

6.  Srosera  (Sundew)  as  a  Fly- Catcher. — ^A  valued  correspon- 
dent and  accurate  observer,  Mrs.  Treat  of  Vineland,  New  Jersey, 
writes : 

"For  several  summers  in  succession  I  have  taken  Dro9era 
rotundifolia^  D.  longifolia  and  D.  filifolia  from  their  moist  beds, 
and  placed  them  in  sand  and  water  in  such  a  way  that  they  made 
most  charming  window-plants.  What  I  take  for  D.  longifolia  has 
spatulate-oblon^  reddish  leaves,  and  long,  erect,  reddish  petioles 
covered  with  glands,  like  those  of  the  leaf.  This  species  1  find  a 
much  more  effective  fly-trap  than  D.  rotundifolia.  On  some  of 
the  plants  in  my  window  this  summer  almost  every  leaf  held  a 
common  house-fly  prisoner  uutU  it  died,  and  it  did  not  take  the  leaf 
very  long  to  fold  completely  round  its  victim.  My  husband  was 
terribly  shocked,  and  thought  it  the  most  cruel  thing  he  ever  saw 
in  nature ;  but  with  my  preposessions  and  habits,  both  as  an  ento- 
mologist and  a  house-keeper,  I  was  contentedly  interested  to  see 
the  work  go  on," 

If  we  rightly  remember,  in  D.  rotundifolia  it  is  only  the  gland- 
tipped  bristles  that  bend  inward  and  hold  the  insect  fast,  while 
they  probably  suck  the  juice  out  of  him.  This  folding  of  the 
blade  of  the  leaf  itself  aroimd  the  fly  is  a  new  fact  to  us,  and  is 
so  especially  interesting,  being  a  step  toward  Dioncea^  that  we 
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would  call  particular  attention  to  it,  in  the  hope  of  further  obser- 
vations and  independent  confirmation.  We  are  told  that  the  blade 
incurves  from  apex  to  base,  in  the  manner  of  its  vernation.  What 
was  long  ago  known  of  the  action  of  Droaera  rotundifolia  in  fly- 
catching,  had  almost  completely  died  out  of  the  books  and  out  of 
the  memory  of  the  present  generation  until  very  lately,  and  the 
most  remarkable  things  relating  to  it  and  to  Dioncea  are  not  yet 
in  print.  a.  g. 

6.  Borodin :  Changes  in  position  of  grains  of  ChlorophyU 
under  Sunlight — The  singular  and  prompt  change  in  the  position 
of  the  chlorophyll  grains,  discovered  by  Famintzin  and  verified 
by  Borodin  in  Mosses,  has  been  found  by  the  latter  to  occur  in  the 
higher  Cryptogamia  as  well,  and   now  also  in  Phanerogamous 

?lants,  both  aquatic  and  terrestrial.  The  paper  in  Bull.  Acad.  St. 
*etersb.  vol.  13,  1869,  is  reproduced  in  the  Ann.  Sci  Nat.,  ser.  5, 
t.  12.  Lemna^  Ceratophyllum  and  CdUitriche  are  among  the 
aquatic  plants  in  which  the  phenomenon  has  been  observed,  and 
SteUaHa  inedia  among  terrestrial.  Lemna  frisulca  is  one  of  the 
best  plants  for  these  observations.  Under  diffuse  day-light  the 
grains  of  chlorophyll  are  distributed  over  the  cell-walls  parallel 
to  the  surface  of  the  leaf  or  frond.  Under  the  direct  light  of  the 
sun  they  are  rapidly  (within  16  minutes  or  lessj  transported  to  the 
lateral  walls.  There  they  are  at  first  uniformly  distributed.  But 
upon  longer  insolation,  say  for  three-quarters  of  an  hour,  they 
became  grouped  in  clustere.  In  darkness  the  chlorophyll  is  like- 
wise upon  the  lateral  walls.  Thus  absence  of  light  produces 
essentially  the  same  effect  as  direct  sunshine,  but  less  strikingly. 
Whether  these  changes  are  passive  and  caused  by  movements  of 
the  colorless  protoplasm,  as  Sachs  supposes,  or  active,  is  not  made 
out.  But  the  movements,  according  to  Borodin,  are  in  response 
only  to  the  more  refrangible  riiys.  a.  g. 

'7.  De/ierain:  l£vaporation  of  Water  and  decompositfon  of 
Carbonic  acid  by  foliage. — Some  notice  of  Deh^rain's  papers, 
read  before  the  Academy  of  Science,  Paris,  in  August  and  Octo- 
ber, 1869,  have  already  been  referred  to  in  this  Journal.  A  full 
abstract  published  last  summer  in  the  Am.  Set  Nat.  (ser.  5,  tome 
12)  has  come  to  hand.  One  of  the  first  and  least  expected  results, 
which  came  to  light  early  in  the  investigation,  and  simplified  the 
experiments  considerably,  was  : — 

(1.)  That  the  transi)iration  of  water  continued  indefinitely,  and 
quite  constantly,  in  a  saturated  atmosphere. 

(2.)  This  evaporation,  copious  in  light  and  almost  null  in  dark- 
ness, is  determined  by  the  light,  and  not  by  the  heat  of  the  sun. 

(3.)  It  is  much  greater  from  young  leaves  than  from  older  ones. 

(4.)  And  is  mainly  caused  by  the  luminous  rays  (yellow  and  red). 

(5.)  The  difference  in  this  respect  is  manifest  even  when  the  less 
refrangible  and  more  refrangible  rays  are  brought  to  an  equal 
luminous  intensity. 

(6.)  The  evaporation  of  water  is  much  more  copious. from  the 
upper  than  from  the  lower  face  of  the  leaf.     This  result,  in  view 
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of  the  stmctnre  of  the  leaf,  and  the  situation  of  the  stomata,  is 
most  unexpected. 

(7.)  Since  the  decomposition  of  carbonic  acid  also  takes  effect 
under  the  yellow  and  red  rays  mainly,  and  in  the  upper  rather 
than  the  lower  face  of  the  leaf,  the  relation  between  these  two 
capital  functions  of  foliage  appears  to  be  intimate  and  is  certainly 
noteworthy.  a.  g. 

8.  Herbarium, — The  Herbarium  of  a  veteran  European  Bo- 
tanist, one  of  much  importance,  is  offered  for  sale,  the  proprietor 
wishing  to  see  to  its  satisfactory  disposition  during  his  life-time,  if 
possible.  Particulars  may  be  obtained  from  the  writer  of  this 
notice  upon  enquiry  addressed  to  the  editors  of  this  Journal 

A.    6. 

in.   Astronomy. 

1.  Note  on  the  Spectrum  of  the  Aurora  ;  by  Geo.  F.  Babkbb. 
^-On  the  evening  of  November  9th,  there  appeared  one  of  the 
most  magnificent  crimson  auroras  ever  seen  at  this  place.  When 
first  observed,  at  about  a  quarter  before  six,  p.  m.,  it  consisted  of  a 
brilliant  streamer  shooting  up  from  the  northwestern  horizon; 
this  was  continued  in  a  brilliant  red,  but  rather  nebulous  mass  of 
light,  passing  upward  and  to  the  north.  Its  highest  points  were 
from  30**  to  40®  in  altitude.  A  white  aurora,  consisting  of  bright 
streamers,  appeared  simultaneously,  and  extended  round  to  the 
northeast.* 

The  crimson  aurora  was  examined  with  the  spectroscope  at  six 
o'clock.  The  instrument  used  was  a  single  glass-prism  spectro- 
scope, made  by  Duboscq  of  Paris.  On  directing  the  slit  toward 
the  brilliant  streamer  above  mentioned,  a  bright  spectrum  was 
observed,  consisting  of  five  well-marked  lines.  A  millimeter  scale 
attached  to  the  instrument  was  then  illuminated  with  a  gas-flame, 
the  auroral  lines  being  readily  measured,  even  when  the  numbers 
on  the  scale  were  bright  enougn  to  be  read  distinctly.  The  sodium 
line  was  used  to  adjust  the  scale,  being  equally  divided  by  the 
division  100 ;  the  width  of  the  slit  was  about  one  millimeter.  As 
thus  arranged,  the  five  auroral  lines,  beginning  at  the  red  end, 
had  the  following  positions:  Scale-Nos.  90,  110*5,  130,  138,  149. 
The  brightness  of  the  lines  was,  following  the  above  order,  3,  1,  6, 
2,  4,  the  second  line  from  the  red  end  of  the  spectrum  being  the 
brightest.  The  line  marked  90  and  the  one  marked  110*5  were 
sharp  and  well-defined ;  the  others  were  all  nebulous  on  the  edges. 
Before  the  measurements  were  completely  verified  by  a  second 
comparison,  the  crimson  aurora  entirely  vanished,  having  endured 
less  than  a  half  hour.  In  the  white  aurora  which  remained,  the 
spectroscope  showed  four  of  the  five  lines  given ;  the  crimson  line 

*  Professor  Newton  informs  me  that  he  observed  an  equally  brilliant  red  patch 
of  auroral  light  in  the  northeast,  five  or  ten  minutes  earlier.  Since  the  lower  end 
of  the  red  streamers  was  much  lower  than  that  of  the  white,  it  would  seem  as  if 
the  red  were  seen  through  the  white,  the  red  being  most  remote. 
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alone  was  absent.  The  measurements  are  exact  to  half  a  division 
of  the  scale. 

To  determine  the  approximate  wave-lengths  of  these  lines  com- 
parison was  made  both  with  certain  elemental  lines  and  with  the 
lines  of  the  solar  spectrum.  On  the  scale  of  this  instrument,  the 
elemental  lines  employed  read  as  follows : — 

Ka63,  Lia79,  Sr/^80,H(c)  82,  Caa91,  Sra96,  Ca/?113,  H(/)  146-5, 
Srd  163,  Cs/?  166,  Csa  167,  Rba  &  (i  200,  K/^  218. 

The  Fraunhofer  lines  measured  as  follows : — 

a  70-6,  B  76,  C  82,  D  100,  E  124*6,  ft  1 30,  F  146-6,  G  189. 

Direct  interpolation  was  used  in  comparing  the  wave-lengths  of 
the  auroral  lines  with  those  given  above,  the  wave-lengths  of  the 
Fraunhofer  and  elemental  lines  being  taken  from  Gibbs's  tables 
(this  Journal,  II,  xliii,  1 ;  xlvii,  194).  This  method  was  believed 
capable  of  giving  results  as  close  as  the  instrumental  measure- 
ments. In  this  way  the  wave-lengths  of  the  five  auroral  lines 
were  obtained  as  given  in  the  following  table : — 


Scale 

Wave- 

Auroral 

Line. 

number. 

lengti\. 

lines. 

Other  measurem 

B 

76 

687 

C 

82 

666 

l^) 

90 

623 

623 

627  ZdUner. 

D 

100 

589 

(2) 

110-5 

562 

662 

667  Angstrom. 

E 

124-5 

527 

f 

130 
130 

517 
517 

617 

620  Winlock. 

(4) 

138 

502 

502 

F 

140-5 

480 

g) 

149 

189 

482 
431 

482 

485  Alvan  Clar 

In  tliis  table,  column  1  gives  the  auroral  and  the  Fraunhofer  lines ; 
column  2,  the  number  of  these  as  measured  upon  the  scale  of  thef 
spectroscope  used ;  column  3,  the  wave-lengths  of  these  lines  ob- 
tained as  above  stated ;  column  4,  the  wave-lengths  of  the  auroral 
lines,  given  by  themselves;  and  column  5,  the  wave-lengths  of 
what  I  assume  to  be  the  same  lines,  with  their  wave-lengthb  as 
measured  by  the  observers  mentioned. 

The  point  of  particular  interest  in  this  observation  is  the  fact 
that  the  line  (4)  of  wave-length  502  is  not  laid  down  in  any  author- 
ity accessible  to  me  as  having  been  observed  in  the  auroral  spe<?- 
trum.  Indeed,  no  previous  observer,  so  far  as  I  know,  has  seen 
any  auroral  line  between  the  Fraunhofer  lines  b  and  F.  Professor 
C.  A.  Young  (this  Journal,  III,  ii,  332,  Nov.,  1871)  gives  two  lines 
— Nos.  56  and  57,  or  1866-8  and  1870-3  of  Kirchhoff— observed  by 
him  in  the  sun's  chromosphere  and  also  by  Rayet  in  the  eclipse  of 
1868,  one  of  which  may  coincide  with  this  fourth  auroral  line. 

New  Haven,  Nov.  13,  1871. 
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[Note. — Since  the  above  was  in  type,  the  Astronomisc/ie  Nach- 
richJten  for  October  24th,  No.  1864,  has  been  received.  It  con- 
tains a  notice  of  auroral  spectra  as  observed  at  the  Bothkamp 
Observatory  by  H.  Vogel,  which  is  dated  August,  1871.  In  ordi- 
nary auroras  6  lines  were  seen,  in  the  red  streamers  7.  The  fol- 
lowing are  the  wave-lengths  given : — 

629-7      Very  bright  line. 

55fi-Q  i  Brightest  line  of  the  spectrum.     Markedly  weaker 
(      when  the  red  line  is  also  present. 
Very  faint  line.     (Doubtful.) 
Pretty  bright  line. 

61 8'9  i  ^^^y  ^"S^^  when  the  red  line  is  present.     At  other 
(      times,  as  bright  as  the  last. 

Pretty  bright  line, 
j  Broad  band,  brighter  in  the  center.     Very  weak  in 
(      the  red  streamers. 

The  line  of  wave-length  500*3  is  apparently  the  same  observed  by 
me,  and  given  as  502. 

Vogel  thinks  he  has  obtained  evidence  in  support  of  the  assump- 
tion that  the  auroral  spectrum  is  an  air  spectrum,  modified  by 
conditions  of  pressure  and  temperature. 

The  whole  number  of  lines  which  have  been  seen  and  measured 
in  the  spectrum  of  the  aurora  by  different  observers  appears  to  be 
11,  as  follows: — 

Wave-length. 
f640  ) 


538-2 
623-3 


500-3 

from  469-4 

to     462-9 


No. 


Description. 


1.  Bright  red  line 


J 


4 


2.  Brightest  line  in  the 

spectrum 

3.  Band 

4.  Very  faint  line 

6.  Band  (coronal  line  ?) 

6.  Pretty  bright  line 

7.  Bright  line  {h  ?) 

8.  Pretty  bright  line 

9.  Band  (F?) 

10.  Band 

11.  Band  (G?) 


I 


630 
629-7 
627-9 
623 

[562 

J  567 
556-9 
666-7 
544 
638-2 

j  632 

(  531 

j  623-3 

"I  520 

j  518-9 

(  517 

j  502 

\  500-3 

j  485 

(  482 
462*9  to  469-4 
464 
434 


Observer. 
II.  R.  Procter. 


Vogel. 

Z5lTner. 

Barker. 

Barker. 

Winlock. 

VogeL 

AngstrSm. 

Winlock. 

Vogel. 

Alvan  Clark,  Jr. 

Winlock. 

Vogel. 

Winlock. 

Vogel. 

Barker. 

Barker. 

Vogel. 

Alvan  Clark,  Jr. 

Barker. 

Vogel. 

Winlock. 

Alvan  Clark,  Jr. 


468  Scientific  InUUigence. 

Many  other  observations  of  auroral  spectra  have  been  made,  but 
in  most  cases  the  lines  were  not  measured  even  approximately. 

o.  p.  B.] 

2.  Att  Exploinon  on  the  Sun  ;  by  C.  A.  Yonno.  (Boston  Jour- 
nal of  Chemistry), — On  the  7th  of  September,  between  half  past 
twelve  and  two  p.  m,,  there  occurred  an  outburst  of  solar  energy 
remarkable  for  its  suddennesB  and  violence.  Just  at  noon  tSe 
writer  had  been  examining  with  the  teleBpeclroscope*  an  enonnouB 
protuberance  of  hydrogen  clond  on  the  eastern  limb  of  the  sun. 

It  had  remained  with  very  little  change  since  the  preceding 
noon — a  long,  low,  quiet-looking  cloud,  not  very  dense  or  brilliant, 
nor  in  any  way  remarkable  except  for  its  size.  It  was  made  up 
mostly  of  filaments  nearly  horizontal,  and  fioated  above  the  chro- 
mospheref  with  its  lower  surface  at  a  height  of  some  15,000  miles, 
but  was  connected  to  it,  as  is  usually  tne  case,  by  three  or  four 
vertical  columns  brighter  and  more  active  than  the  rest.  Loekyer 
compares  such  masses  to  a  banyan  grove.  In  length  it  measured 
3'  45",  and  in  elevation  about  2  to  its  upper  surface — that  is,  since 
at  the  Bun's  distance  l"  equals  450  miles  nearly,  it  was  about 
100,000  miles  long  W  54,000  high. 

At  12''  30"',  when  I  was  called  away  for  a  few  minutes,  there  was 
no  indication  of  what  was  about  to  happen,  except  that  one  of 
the  connecting  stems  at  the  southern  extremity  of  the  oload  hkd 
grown  considerably  brighter,  and  was  curiously  bent  to  one  Bde; 
and  near  the  base  of  another  at  the  northern  end  a  little  brilUaiit 
lump  had  developed  itself,  shaped  much  like  a  summer  thIIndea^ 
head.  Figure  1  represents  Oie  prominence  at  this  time,  a  bong 
the  little  "thunder-liead."! 


^isjCQ 


What  was  my  sui-prise,  then,  on  returning  in  less  than  half  an 
hour  (at  12''  55"'),  to  iinil  that  in  the  meantime  the  whole  thing  bad 
been  literally  blown  to  shreds  by  some  inconceivable  up-msb  from 

*  This  is  the  name  giTcn  b?  SchelleD  to  the  combioatioii  of  aetronomical  tele- 
Boope  and  Bpectroscope. 

f  Tlie  chromosphtre  (called  also  sierra  by  Proctor  a 
hfilrc^n  and  other  fcases  which  siirroucds  the  Bun 
miles.     Of  this  the  prommcnceg  aro  mere  eitensions. 

I  The  skclchea  do  not  protend  to  accuracy  of  detail,  eicept  the  4th;  the  tbta 
rois  in  that  arc  nearly  eiacL 
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beneath.  In  place  of  the  quiet  oload  I  had  left,  the  ur,  if  I 
may  nee  the  expression,  waa  filled  with  fiying  dSbiis — a  mass  of 
detached  vertical  fiiBifonn  filaments,  each  from  10"  to  30"  long  by 
2"  or  3"  wide,  brighter  and  closer  together  where  the  pillars  had 
formerly  stood,  and  rapidly  ascending. 

When  I  first  looked  some  of  them  bad  already  reached  a  height 
of  nearly  4'  (100,000  miles),  and  while  I  watched  them  they  rose 
with  a  motion  almost  perceptible  to  the  eye,  until  in  ten  minutes 
(l**  Ofi'°)  the  uppermost  were  more  than  200,000  miles  above  the 
aolar  enr&ce.  This  waa  ascertained  by  carefiil  measurement ;  the 
mean  of  three  closely  accordant  determinations  gave  7'  49"  as  the 
extreme  altitude  attained,  and  I  am  particular  in  the  etatement 
beoause,  so  far  ae  I  know,  chromospheric  matter  {red-hydrogen  in 
this  case)  has  never  before  been  observed  at  an  altitude  exceeding 
n'.  The  velocity  of  ascent  also,  166  miles  per  second,  is  consider- 
ably greater  than  anything  hitherto  recorded.  A  general  idea  of 
its  appearance,  when  the  filaments  attained  their  greatest  elevation, 
may  be  obtained  from  figure  2. 

As  the  filaments  rose  tney  gradually  faded  away  like  a  dissolving 

cloud,  and  at  1"  16"  only  a  few  filmy  wisps,  with  some  brighter 

streamers  low  down  near  the 

chromosphere,   remained  to 

I  mark  the  place. 

But  in  ttie  meanwhile  the 
I  little  "thunder-head,"  before 
I  alluded  to,  had  grown  and 
1  developed  wondfrfully  into 
I  .1  mass  of  rolling  and  ever- 
I  changing    flame,    to    speak 
1  according    to    appearances. 
I  First  it  was  crowded  down, 
I  as  it  were,  along  the  solar 
I  surface ;  later  it  rose  almost 
I  pyramidally  50,000  miles  in 
I  height;  then  its  summit  was 
I  drawn  outintolongfilamenis 
I  and  threads  which  were  most 
I  cnriously    rolled    backward 
1  downward,  like  the  vo- 
Bs   of   an    Ionic   capital; 
I  and    finally  it  faded   away, 
I  and  by  2^  30"'  had  vanished 
;   the  other.      Figures  3 
I  and  4  show  it  in  its  full  de- 
velopment; the  former  ha V- 
ingbeen  sketched  at  1''  40'",  and  the  latter  at  l*"  55'". 

The  whole  phenomenon  suggested  most  forcibly  the  idea  of  an 
explosion  under  the  great  prominence,  acting  mainly  upward,  but 
also  in  all  directions  outward,  and  then  after  an  interval  followed 
by  a  corresponding  in-rush:   and  it  seems  far  from  impossible 
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that  the  myBterioaB  coronal  streamers,  if  they  turn  out  to  be  tmlv 
solar,  as  now  seems  likely,  may  find  their  origin  and  explanation 
in  such  events. 


The  same  afternoon  a  portion  of  the  chromosphere  on  the  oppo- 
site (western^  limb  of  the  son  was  for  several  bonrs  in  a  state  ot 
unusual  brilliance  and  excitement,  and  shoved  in  the  speetnun 
more  than  120  bright  lines  whose  position  was  determined  and 
catalogued, — all  that  I  had  ever  seen  before,  and  some  15  or  SO 


Whether  the  fine  aurora  borealis  which  succeeded  in  the  even- 
ing was  really  the  earth's  response  to  this  magnificent  ontboist  of 
the  sun  is  perhaps  uncertain,  but  the  coincidence  is  at  least  mg- 
gestive,  and  may  easily  become  something  more  i{^  as  I  somewhi^ 
confidently  expect  to  learn,  the  Greenwich  magnetic  record  mdi- 
cates  a  disturbance  precisely  simultaneous  with  the  solar  explosioa 

Dartmouth  College,  September,  18T1. 

3.  November  Met-eors  in  1871. — On  the  night  of  November 
13th-14th,  the  writer,  with  Prof  Lyman  and  about  two  others, 
watched  for  meteors  from  11''  20°"  onward,  with  the  following  re- 


Between  11"20'"  and  11*'  30"  we  saw  9  meteors. 


^   die 

I 


Sky  J  obficared. 
Fewer  clouds, 
[but  haiT. 

Nearly  clear. 


4  "  Sky  J  overcast 

5  " 

6  "  Sky  -A  overcast 
Shortly  after  1"  45""  the  clouds  had  entirely  closed  over,  and 

did  not  break  away  afterward.  A  very  fewof  the  98  meteors 
seen  were  of  the  November  meteor  system,  not  more,  we  judged, 
"lan  -f^  of  the  number  seen.     We  were  therefore  at  the  time  of 

le  watch  not  in  the  meteor  stream.  If  the  earth  passed  through 
this  year,  it  did  so  earlier  than  11"  20°,  or  later  than  1"  20°,  of 

le  Dight  of  the  I3th-uth.  h.  a.  n. 
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4.  Asteroid  (117). — ^This  new  planet  was  discovered  by  Borelly 
at  Marseilles  two  days  before  it  was  seen  by  Luther.  It  has  re- 
ceived the  name  Lofnia. 

5.  TutUe^s  Comet, — ^This  comet,  first  discovered  by  M6chain  in 
1790,  and  again  by  Tuttle  in  1868,  and  which  has  a  period  of  13*6 

Sure,  was  again  seen  at  Marseilles  October  16th,  and  at  Karlsruhe 
tober  15tfi. 

IV.  Miscellaneous  Scientific  Intelligence. 

1,  FtaUnem^s  ManttcU  of  Qualitative  and  Qiuxntitative  Analy- 
9i$  wUh  the  Blowpipe^  from  the  last  German  edition,  revised  and 
enlai|^  by  Professor  Thbobobe  Richtkr,  of  the  Royal  Saxon 
Mining  Academ;^.  Translated  by  Hbkbt  B.  Cornwall,  A.M., 
E.M.,  Assistant  m  the  Columbia  CoUeee  School  of  Mines,  New 
York,  assisted  by  John  H.  Cadwell,  AM.  With  87  wood-cuts 
and  1  lithographic  plate,  xv  and  649  pp.  8vo.  New  York,  1872. 
(D.  Van  Nostrand,  23  Murray  St.). — Plattner's  celebrated  work 
nas  long  been  recognized  as  the  only  complete  book  on  blowpipe 
analysis.  The  fourth  German  edition,  edited  by  Prof.  Richter, 
fully  sustains  the  reputation  the  earlier  editions  acquired  during 
the  lifetime  of  the  author,  and  it  is  a  source  of  ^reat  satisfaction 
to  us  to  know  that  Pro£  Richter  has  codperatea  with  the  trans- 
lator in  issuing  the  American  edition  of  the  work,  which  is  in  fact 
a  fifth  edition  of  the  original  work,  being  far  more  complete  than 
the  last  German  edition. 

The  American  editor,  Mr.  Cornwall,  has  done  a  very  great 
service  for  all  students  of  chemistry  and  mineralogy  who  use  the 
English  tongue,  in  thus  adding  to  our  scientific  literature  a  work 
of  such  rare  merit.  He  has  showed  excellent  judgment  in  render- 
ing the  work  into  good  English,  in  avoiding  needless  repetitions, 
in  adding  a  large  amount  of  valuable  material,  and  in  a<K)pting  a 
mineralogical  nomenclature  which  is  familiar  to  American  scientific 
men. 

2.  Geological  eay>loration  under  Dr.  Hayden. — The  geological 
expedition  to  the  Rocky  Mountain  region  under  the  charge  of  Dr. 
Hayden,  after  completing  the  survey  of  the  Yellow  Stone  Valley, 
left  Fort  Ellis  on  the  6th  of  September,  passing  down  Gallatm 
Valley  to  the  Three  Forks,  and  thence  by  the  Jeflfei'son  to  its 
very  source,  exploring  many  of  its  branches,  and  pursuing  a  direc- 
tion nearljr  parallel  to  that  which  the  party  had  traversed  in  the 
June  previous. 

The  vallejs  of  the  Gallatin,  Madison  and  Jefferson  forks  of  the 
Missouri,  with  all  the  little  branches,  were  found  occupied  by  in- 
dustrious farmers  and  miners — a  contrast  quite  striking  to  the 
doctor,  who,  twelve  years  ago,  in  exploring  that  same  region,  met 
with  not  a  single  white  inhabitant. 

The  Rocky  Mountain  Divide  was  crossed  at  the  head  of  Horse 

.\M.  JoDR.  Sof.— Third  Sbribs,  Vol.  II,  No.  12.— Dbc,  1871. 
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Plain  Creek,  from  which  the  party  passed  over  into  Medicine 
Lod^e  Creek,  following  this  down  into  the  Snake  River  Plain. 
An  interesting  fact  observed  was  the  occurrence  of  two  species  of 
trout  in  great  quantity  in  streams  such  as  Medicine  Lodge,  Comss, 
and  other  creeks,  all  sinking  into  the  plains  after  a  coarse  of  from 
fifty  to  seventy-five  miles.  The  trout  appeared  to  be  of  the  same 
two  species  in  all,  although  the  waters  had  no  apparent  connection. 
— X.,  in  Harper* 8  Weekly. 

3.  Madagascar. — Few  geographical  researches  of  modem  times 
have  been  more  interesting  than  those  carried  on  in  Madagascar 
by  M.  A.  Grandidier,  whether  we  consider  our  previoiiB  ignorance 
of  the  region  in  question  or  the  number  of  striking  and  important 
scientific  novelties  brought  to  light.  We  have  already  referred  to 
the  return  of  this  gentleman  from  his  third  expedition,  the  first 
having  been  conunenced  in  1865.  On  this  occasion  he  attempted 
to  reach  the  heart  of  the  island,  but  in  vain ;  and  in  the  following 
year  he  explored  the  southern  region,  but  did  not  reach  the  meant- 
ains.  In  1869-70,  however,  he  traversed  the  entire  breadth  of  the 
island  three  times,  from  west  to  east,  through  its  whole  extent, 
making  various  lateral  excursions  to  interestm?  points,  and  visit- 
ing the  peak  of  the  mountain  Ankaararatre,  the  highest  summit  in 
Madagascar.  According  to  the  report  just  presented  by  M  Gran- 
didier to  the  Academy  of  Sciences  of  Paris,  Madagascar  comprises 
two  distinct  regions — ^the  northern,  which  is  mountainous,  ana  thit 
to  the  south  and  east,  which  is  flat.  He  ascertained  that  there  are 
five  chains  of  mountains,  which  have  generally  the  same  direction 
— namely,  from  northeast  to  southwest.  These  are  separated  by 
sandy  and  arid  plains,  intersected  by  shallow  ravines.  After 
crossing  the  fourth  chain,  a  region  is  reached  of  which  the  general 
level  is  from  1000  to  1200  meters  in  height,  extending  to  the  In- 
dian Ocean,  a  vast  sea  of  mountains,  with  no  level  lands  except  a 
few  small  valleys  used  for  the  cultivation  of  rice. 

The  eastern  coast  is  intersected  at  almost  every  step  with  rivers 
and  torrents  ;  and  the  northwestern  provinces  f>our  into  the  sea  a 
laree  number  of  important  rivers.  On  the  southern  and  western 
regions,  however,  the  case  is  quite  different,  there  being  distances 
of  fifty  leagues  without  the  smallest  brook.  The  reputation  pos- 
sessed by  Madagascar  for  luxuriant  vegetation  ana  fertile  soil, 
according  to  M.  Grandidier,  is  by  no  means  merited,  its  provinces 
being  neither  rich  nor  productive.  Tlie  secondary  plains  are  ster- 
ile, and  the  population  is  confined  to  the  immediate  banks  of  the 
water-courses.  The  entire  mass  of  the  granitic  mountains,  situated 
to  the  west  of  the  eastern  slope,  is  naked  and  arid,  and  there  is  no 
vegetation  excepting  here  and  there  little  bunches,  growing  in  the 
ravines.  In  the  opposite  direction,  however,  there  is  some  degree 
of  fertility ;  and  there  is  a  line  of  forests  extending  from  nortn  to 
south,  which  connect  with  those  of  the  west,  forming  around  the 
^land  a  narrow  girdle,  including  a  dry  and  desert  region  in  its 

nter. 
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M.  Grandidier  made  numerous  astronomical,  meteorological,  and 
maenetical  observations.  He  also  studied  closely  the  ethnology 
of  the  inhabitants,  bavins  taken  a  great  many  measurements  upon 
the  living  body,  and  having  collected  notes  of  the  habits,  language, 
and  traditions  of  the  people.  His  natural  history  collections  em- 
brace over  fifty  new  species  of  vertebrates,  together  with  numerous 
insects  and  plants.  Large  numbers  of  alcoholic  specimens  were 
also  gatherea,  for  the  purpose  of  further  investigation  into  the 
anatomy  and  structure  or  the  entire  animal. — X.,  in  Harper^ % 
Weekly. 

4.  ^.  A.  JSabel. — After  a  seven  years'  tour  of  exploration  in 
South  America,  Dr.  A.  Habel,  a  former  resident  of  Hastings-on- 
the-Hudson,  has  returned  to  New  York,  where  he  is  assiduously 
engaged  in  preparing  the  results  of  his  labors  for  the  press. 
Among  the  regions  traversed  by  this  gentleman  may  be  mentioned 
the  greater  part  of  Central  America,  the  Cordilleras  of  the  Andes 
in  Colombia,  Ecuador,  and  Peru,  and  finally  the  Chincha  Islands 
and  the  Galapagos.  During  this  whole  period  Dr.  Habel  was  dili- 
gently occupied  in  gathering  information  in  regard  to  the  natural 
and  physical  history  of  the  countries  mentioned,  especially  in  the 
departments  of  ethnology,  meteorology,  and  zoology.  He  has  al- 
ready made  some  communications  on  the  subject  of  his  travels  to 
the  Academy  of  Sciences  at  Paris,  and  other  learned  bodies,  and 
we  look  forward  to  his  detailed  report  with  anticipations  of  much 
interest.  The  guano  deposits  of  Chinchas  were  thoroughly  ex- 
plored by  the  doctor,  who  found  them  to  be  of  a  much  more  com- 
plicated structure  than  has  hitherto  been  supposed. — X.,  in  Har- 
per* 8  Weekly, 

6.  On  Sea  Waves;  by  W.  J.  Macquobn  Rankixe,  C.E.,  LL,D., 
RRS.  (Royal  Institution  of  Great  Britain,  May  26,  1871.)— The 
speaker  in  the  first  place  gave  a  summary,  illustrated  by  diagrams 
and  machines,  of  the  existing  knowledge  of  the  mode  of  motion  of 
water  in  waves,  and  of  the  geometrical  and  dynamical  laws  which 
govern  the  relations  between  the  depth  of  disturbance  of  the  water, 
the  velocity  of  advance  of  waves,  their  periodic  time,  and  their 
length.  He  referred  to  the  experimental  and  theoretical  researches 
of  previous  authors  on  the  subject,  such  as  Webers,  Airy,  Scott 
Russell,  Caligny,  etc. 

He  then  explained  the  principle,  of  which  Mr.  Froude  was  the 
first  to  point  out  the  importance,  that  the  action  of  water  agitated 
by  waves  upon  a  ship  tends  to  make  her  perform  the  motions  which 
would  have  been  performed  in  her  absence  by  the  mass  of  water 
that  she  displaces.  In  still  water,  the  forces  of  gravity  and  of 
buoyancy  tend  to  keep  the  ship  upright,  and  if  she  has  been  heeled 
over,  to  restore  her  to  the  upright  position,  and  that  tendency 
constituted  the  statical  stability  or  stiffness  of  the  ship.  Among 
waves,  the  same  forces,  combined  with  the  reactions  due  to  the 
heaving  motions  of  the  water  and  of  the  ship,  tend  to  place  her  in 
the  position  called  upright  to  the  wave  surface;  that  is,  with  her 
originally  vertical  axis  normal  to  the  wave  surface.     If  the  ship 
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yielded  passively  to  that  tendency,  like  a  broad  and  shallow  raft, 
she  would  accompany  the  waves  in  their  rolling ;  and  thus,  a  ship 
having  great  stiffness  may  be  very  deficient  in  steadiness.  Every 
ship  has,  like  a  pendulum,  a  natural  period  of  rolling,  depending 
on  her  stiffness,  or  tendency  to  right  herself,  and  her  moment  of 
inertia,  being  a  quantity  depending  on  the  distribution  of  her  mass. 
Stiffness  tends  to  shorten,  and  inertia  to  lengthen,  the  period.  It 
was  shown  in  1862,  by  Mr.  Froude,  that  the  greatest  unsteadiness 
and  the  greatest  danger  of  being  overturned  takes  place  when  the 
periodic  times  of  rolhng  of  the  ship  and  of  the  waves  are  equal; 
for  then  each  successive  wave  adds  to  the  extent  of  roll ;  and  if 
the  coincidence  of  the  periods  were  exact,  the  ship  would  inevitably 
be  overturned  in  the  end. 

In  the  course  of  the  present  spring  it  has  been  pointed  out  that 
in  well-designed  ships  a  safeguard  exists  against  the  occurrence  of 
such  disasters.  It  is  well  known  that  no  pendulum  is  absolutely 
isochronous ;  but  ^reat  oscillations  occupy  a  longer  time  than  small 
oscillations.  In  hke  manner,  no  ship  is  absolutely  isochronous  in 
her  natural  rolling ;  but  great  angles  of  roll  occupy  longer  periods 
than  small. "^  Hence,  supposing  a  ship  to  encounter  waves  of  a 
period  equal  or  nearly  equal  to  her  own  natural  period  for  small 
angles  of  roll,  her  angle  of  rolling  is  at  first  progressively  increased; 
but  at  the  same  time  her  natural  periodic  time  of  rolling  is  in- 
creased, until  it  is  no  longer  equal  or  nearly  equal  to  the  periodic 
time  of  the  waves ;  and  thus  she  in  a  manner  dudes  the  danger 
arising  from  coincidence  of  periods.  In  order,  however,  that  this 
safeguard  may  act  efficiently,  it  is  essential  that  the  natural  period 
of  the  ship  for  the  smallest  angles  of  roll  should  not  be  less  than 
the  period  of  the  waves ;  otherwise  the  first  effect  of  the  progressive 
increase  of  angle  will  be,  not  to  destroy,  but  to  produce  coinci- 
dence of  period ;  and  the  result  will  be  great  unsteadiness  of  mo- 
tion, and  possibly  great  danger. 

The  speaker  described  the  above  principles  as  being  the  latest 
additions  to  our  knowledge  of  the  theory  of  the  relations  between 
ships  and  sea-waves;  and  he  illustrated  them  by  means  of  experi- 
ments on  a  machine  so  constructed  as  to  imitate  the  dynamical 
condition  of  a  ship  rolling  among  waves. 

6.  On  a  Meteor  seen  at  Alexandria^  Egypt ;  by  Beverly  Ke>'- 
NON,  Colonel  Coast  Defense^  Egyptian  Army.  (From  a  letter 
dated  Alexandria,  Egypt,  JSopt.  9th,  18V 1,  addressed  to  Rear 
Admiral  Sands,  U.  S.  N.,  and  by  him  communicated  for  this  Jour- 

*  An  exception  to  this  rule  exists  in  the  case  of  that  form  of  ship  known  as  the 
"Symondite,"  in  which  the  sides  flare  out  at  and  near  the  water-line,  so  as  to  make 
the  stiffness  increase  faster  than  the  angle  of  heel  In  such  ships  the  period  of 
rolling  shortens  when  the  angle  increases ;  and  thus  ihe  well-known  unsteadiness 
of  large  vessels  of  that  model  is  accounted  for.  In  a  small  boat,  whose  natural 
periodic  time  for  the  smallest  angle  of  roll  is  shorter  than  that  of  any  of  the  wares 
which  she  encountt-rs,  the  Symondite  model  does  not  promote  unsteadineis ;  for 
the  shortening  of  the  natural  period  of  rolling  removes  it  farther  from  coincidence 
with  the  period  of  the  waves. 
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naL) — The  meteor  attracted  my  attention  last  night  (Sept.  8th) 
and  also  that  of  my  companions,  and  many  other  persons  who 
were  in  the  caf6  on  the  sea-shore  with  me  when  it  passed  us  in  its 
flight.  It  was  very  large  and  bright,  and  starting  ft*om  the  zenith 
moved  nearly  due  north,  and  exploded  or  disappeared  when  about 
20°  above  the  horizon,  and  about  S.E.  from  the  North  Star.  It 
moved  leisurely  and  disappeared  apparently  behind  a  cloud ;  when 
watching  for  its  reappearance,  we  were  astonished  to  find  that  the 
luminous  streak  which  marked  its  passage  appeared  to  remain 
stationary  from  the  point  at  which  the  meteor  disappeared.  As  it 
maintained  its  brilliancy  for  some  seconds,  I  noted  the  time  by 
watch ;  it  was  then  11*"  14"°  30"  p.  m.  M.  A.  time.  For  one  minute 
and  ten  seconds  this  brilliant  streak,  stretching  toward  the  north- 
em  sky,  and  subtending  an  angle  of  about  six  degrees,  remained 
perfectly  straight  and  very  bright ;  at  the  expiration  of  another 
minute  it  had  changed  its  shape  into  that  of  a  curve,  convex 
toward  the  earth ;  at  the  end  of  two  minutes  and  thirty  seconds 
it  was  obtuse-angled,  and  of  moderate  brilliancy ;  at  tne  end  of 
the  third  minute  it  was  right-angled  in  shape,  and  of  a  distinct- 
ness sufficiently  great  to  attract  attention,  disappearing  entirely 
after  three  minutes  and  twenty  seconds  from  the  time  we  first 
noticed  it. 

7.  Kansas  Academy  of  Sciences, — The  Kansas  Natural  History 
Society,  of  Leavenworth,  Kansas,  changed  its  name  to  that  of  the 
Kansas  Academy  of  Sciences,  at  its  fourth  annual  meeting  on  the 
26th  and  26th  of  October.  The  officers  of  the  Academy  are  Gen. 
John  Fraser,  President ;  B.  F.  Mudge  and  Robert  J.  Brown,  Vice 
Predfents ;  John  D.  Parker,  Secretary ;  F.  H.  Snow,  Treasurer ; 
B.  K  ludge  and  F.  H.  Snow,  Curators.  Several  papers  were  read 
at  the  meeting  on  the  Natural  History  and  Geology  of  Kansas 
and  on  other  topics. 

8.  The  Fossil  Plants  of  the  Devonian  and  Upper  Silurian  of 
Canada^  by  J.  W.  Dawson,  LL.D.,  F.R.S.,  F.G.S.  Geological 
Survey  of  Canada,  Alfred  R.  C.  Selwyn,  F.G.S.,  Director.  100  pp., 
with  20  plates.  Montreal,  1871.  (Dawson  Bros). — Dr.  Dawson 
has  here  brought  together  the  results  of  his  long  labors  on  the  fos- 
sil Paleozoic  botany  of  Canada,  and  made  a  volume  of  great  value 
to  Geology  and  to  science  in  general.  Its  twenty  plates  are 
crowded  with  excellent  figures.  The  closing  chapter,  forming  a 
"  supplementary  section "  to  the  volume,  is  republished  on  page 
410  of  this  number.  The  memoir  is  worthy  to  take  its  place  along 
Bide  of  the  other  Paleontological  publications  of  the  Canada  Geo- 
logical Survey. 

Bulletin  of  the  Wisconsin  Academy  of  Sciences,  Arts  and  Letters,  Nos.  4  and  5, 
for  Feb.  and  July,    pp.  48  to  81.    Madison,  Wis. 
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